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INTRODUCTION

Field Guide to Tank Cars is intended to be used by emergency
responders and others involved with railroad tank cars. It
provides information on the types, safety systems,
stenciling, and markings of tank cars utilized to transport
regulated (hazardous materials/dangerous goods) and
nonregulated commodities.

Given the varying characteristics of the different
commodities being transported and the shipper’s differing
needs and uses, it is impossible to cover all the various types
of tank cars and fittings used. The illustrations contained in
this guide are intended to provide a general overview of
tank car types and typical fittings. They show the most
common types of single-unit tank cars (a tank car tank
mounted on, or forming part of, a railcar structure)
currently used to transport both regulated (hazardous
materials/dangerous  goods) and  nonregulated
commodities.

All railroad tank cars are built to specifications,
standards, and requirements established, implemented, and
published by the U.S. Department of Transportation
(DOT), Transport Canada (TC), and/or Association of
American Railroads (AAR).
standards, and requirements address tank car design, type,
and thickness of material required to be used in
construction, types of fittings, welding procedures,
inspection, maintenance, repair, and quality assurance

These specifications,

system requirements.

Note: Regulatory and railroad industry specifications,
standards, and requirements are contained in: U.S. DOT Title
49 Code of Federal Regulations, Parts 173 (Subpart B), 174,
179, and 180 (Subpart F); Transport Canada Transportation of
Dangerous Goods Regulations (Transport Canada TDG
Regulations) and Containers for the Transport of Dangerous
Goods by Rail (Standard TP 14877E); and Association of
American Railroads Manual of Standards and Recommended
Practices (MSRP) Section C-IllI, Specifications for Tank Cars,
Specification M-1002.






Although there are many different single-unit tank cars,
they can generally be divided into three separate categories:

1.

Nonpressure tank cars (called “general
service” or “low-pressure” tank cars in the 2076
Emergency Response Guidebook) typically transport
a wide variety of liquid and solid regulated
(hazardous materials/dangerous goods) as well
as nonregulated commodities.

Note: The DOT and TC regulations use the
term “nonpressure” for tank cars that transport
liquids and solids; however, this does not
necessarily mean that nonpressure tank cars are
absent of internal tank pressure.  Rather,
nonpressure tank cars equipped with pressure
relief devices having a discharge pressure from
75 to 165 psig may have a build-up of internal
tank pressure. Therefore, caution should still be
given when handling these tank cars.

Pressure tank cars are built with thicker tanks
to withstand higher internal pressures, making
them stronger than a nonpressure tank car. They
typically transport liquefied compressed gases,
poison/toxic inhalation hazard (PIH/TIH)
materials, reactive materials, and/or some
corrosive materials.

Cryogenic liquid tank cars are vacuum-
insulated with an inner container (tank) and
carbon steel outer shell (tank, not jacket). They
transport refrigerated (extremely cold) liquefied
gases having a boiling point colder than minus
130°F at atmospheric pressure, such as liquid
hydrogen, ethylene, oxygen, nitrogen, and
argon.






The Field Guide to Tank Cars is divided into eight

sections and an annex:

Section 1: Tank Car Classification and
Specifications

Explains the various DOT, TC, and AAR tank car
classes and specifications.

Section 2: Tank Car Safety Systems
Describes the vatious pressure relief devices (PRDs)
and other safety systems applied to protect the tank.

Section 3: Tank Car Stenciling and Markings
Provides information on various stenciling/
markings required on tank cars by DOT, TC, and
AAR.

Section 4: Nonpressure Tank Cars

Describes the most common tank cars currently
used to transport both liquid and solid regulated
(hazardous  materials/dangerous  goods) and
nonregulated commodities.  This section also
describes typical types of top and bottom valve and

fittings arrangements with which these cars may be
equipped.

Section 5: Pressure Tank Cars

Describes the tank cars currently used to transport
liquefied compressed gases under pressure, as well as
some low-pressure, high-hazard materials, such as
PIH/TIH materials, that may requitre the additional
protection of a stronger tank car.

Section 6: Cryogenic Liquid Tank Cars
Describes the tank cars currently used to transport
cryogenic liquids, such as argon.

Section 7: Guidelines for Initial Emergency
Response

Provides general guidance when approaching an
incident involving tank cars in transportation. It also
provides information on assessing damage to tank
cars. This damage assessment information is
presented to familiarize emergency responders with
techniques used by trained and experienced






professionals in analyzing and handling tank
problems. It is not intended to replace on-scene
judgment.

Section 8: Glossary of Railroad and Tank Car
Terms

Provides emergency responders and others involved
with tank cars with some of the terminology
associated with tank cars.

Annex A: AAR, U.S. DOT, and Transport
Canada Safety Enhancements for
Nonpressure Tank Cars

Provides a detailed explanation of recent changes for
nonpressure tank cars.






SECTION 1: TANK CAR CLASSIFICATION AND SPECIFICATIONS

DOT, TC, and the AAR have established specifications
for the design, construction, testing/qualification, repair,
The tank cat’s
specification is required to be stenciled on both sides of

and maintenance of tank cars.

the car. The following information defines the lettering.
A sample specification appears on the next page.

Note: Transport Canada tank car specifications coincide
with those of the Department of Transportation;
therefore, “T'C” may be substituted for “DOT” as the
authorizing agency.

Current tank car specifications consist of the
following information in order of presentation:

1. Authorizing agency
2. Class designation

3. Delimiter letter

4. Tank test pressure in pounds per square inch
gauge (psig)
5. Material of construction when that material is

other than carbon steel

6. In this position, “W”” denotes fusion welding or
“I” indicates use for designated PIH/TIH
material

7. Fittings, linings, materials

Further explanation of this information is found on
the following pages.






Specification: DOT-111A100ALW1

&) @ @®) @
DOT 1 A 100

Class Number

Authorizing Agency

(6) @)
W 1

|
Fittings, Linings, Materials

W — Fusion Welding or | — for certain
PIH/TIH materials (See “Note”, page 10)

Material of Construction (other than steel)
Tank Test Pressure (psig)

Delimiter Letter — no significance unless J, P, R, S, or T or Class 113 A, C, or D

Components of the Specification Marking

1. Authorizing Agency:

AAR — Association of American Railroads

DOT — U.S. Department of Transportation

TC— Transport Canada (replaced Canadian
Transport Commission (CTC))






Class number: The term “class” is a three-digit
number used to identify general groupings of tank
cars. A “class designation” usually includes several
specifications and is made up of the authorizing
agency followed by the three-digit class number,
such as Class DOT-111, Class TC-111, or Class
AAR-211.

Note: In this document, the letters “TC” may be
substituted for “DOT” when referring to a tank cat’s
class or specification; and, in some cases, the
authorizing agency may not be shown preceding the
class number (e.g., “Class DOT-1117, “Class TC-
1117 or “Class-1117).

¢ Nonpressure Tank Car Classes:

DOT-111: insulated or uninsulated, without
an expansion dome.

DOT-115: insulated with a carbon or alloy
(stainless) steel or aluminum inner
container (tank) and a carbon steel

DOT-117:

AAR-206:

AAR-211:

outer shell (tank, not jacket). Also
referred to as a tank-within-a-tank.

insulated or uninsulated carbon
steel tank with jacketed thermal
protection, full height head shields,
and top fittings protection; a
bottom  outlet is  optional.
Additional information regarding
Class-117 tank cars is contained in
Section 4: Nonpressure Tank Cars.

insulated with an inner container
(tank) and carbon steel outer shell
(tank, not jacket), similar to Class-
115 tank cars. Also referred to as a
tank-within-a-tank.

insulated or uninsulated, without
an expansion dome, similar to
Class-111 tank cars.






Pressure Tank Car Classes:

DOT-105:

DOT-109:

DOT-112:

DOT-114:

DOT-120:

insulated carbon or alloy (stainless)
steel.

insulated or uninsulated, carbon
steel or aluminum.

insulated ot uninsulated, carbon or
alloy steel.

insulated or uninsulated, carbon or
alloy steel.

insulated carbon steel or aluminum.

Cryogenic Liquid* Car Classes:

DOT-113:

AAR-204:

vacuum insulated with an alloy
(stainless) steel or nickel alloy inner
container (tank) and carbon steel
outer shell (tank, not jacket).

vacuum insulated with an inner
alloy (stainless) steel container
(tank) and carbon steel outer shell
(tank, not jacket). These tank cars
are similar in concept to Class-113

tank cats.

*Cryogenic liquid is defined by U.S. 49CFR as: “A
refrigerated liquefied gas having a boiling point colder
than -130°F (-90°C) at atmospheric pressure”. Transport
Canada TP 14877E defines it as: “A refrigerated
liquefied gas that is handled or transported at a
temperature equal to or less than -100°C (-148°F)".






3. Delimiter Letter: On pressure and nonpressure

tank cars, the letter A separates the class from the
tank test pressure and has no meaning. However, on
pressure and some nonpressure tank cars, the
delimiter letter is an indicator of tank head puncture
resistance and/or thermal protection systems. On
cryogenic liquid tank cars, the delimiter letter
indicates the authorized lading loading temperature.
On Class-117 tank cars, the delimiter letter
corresponds to the tank car’s as constructed (J),
performance (P), or retrofitted (R) status.

e Nonpressure or Pressure Tank Cars:
A —no significance.

J — equipped with a thermal protection system
that is covered by a jacket and tank head
puncture-resistance system.

S — equipped with tank head puncture-
resistance system.

T — equipped with a thermal protection system
that is not covered by a jacket (the thermal
protection material is sprayed directly onto
the tank’s surface) and tank head puncture-
resistance system.

Cryogenic Liquid Tank Cars:

A —authorized for minus 423°F loading.

C — authorized for minus 260°F loading,.

D —authorized for minus 155°F loading,.
Class-117 Tank Cars:

J — constructed to Class-117A specification.

P — existing nonpressure tank car that meets
performance standards for a Class-117A.

R — existing nonpressure tank car that has been
retrofitted to conform to the prescribed
retrofit or Class-117A  performance
standards.






Tank Test Pressure: The next set of digits is the
tank test pressure in psig; typically, 20 to 40 percent
of the tank’s burst pressure.

For nonpressure tank cars, test pressures are
specified as 60 or 100 psig; however, some
manufacturers test 100-pound tanks to 165 psig,
because they are equipped with 165 psig pressure
relief devices (PRD), which equates to 33 percent of
the tank’s 500 psig burst pressure.

For pressure tank cars, test pressures range from 100

psig to 600 psig.

For cryogenic liquid tank cars, tank test pressures
range from 60 psig to 120 psig.

Material of Construction (other than steel): The
letters AL appearing after the tank test pressure
indicate that the tank was constructed of aluminum.
For other materials of construction, no letters or
numerals are shown.

Fusion Welding: The letter W following the tank
test pressure or the letters AL indicates that the tank
was constructed using fusion welding. All tank cars
are currently constructed using fusion welding. See
“Note” below for PIH/TIH materials.

Note: Tank cars built after, March 16, 2009, used for the
transportation of PIH/TIH materials may have the letter “I”
stenciled in place of the letter W; e.g., Specification DOT-
10535001, Specification DOT-112J500I, or Specification
DOT-105J600I1. The letter | may be said to indicate interim
design standards for a PIH/TIH tank car. More information
on these requirements is found in Section 5, Pressure
Tank Cars.

Fittings, Linings, and Materials: For
nonpressure tank cars, the numeral following the W
will indicate the tank’s material of construction,
requirements for insulation or interior lining, and
options for a bottom outlet or bottom washout. For
tank cars constructed of aluminum, the W will be
prefaced by the letters AL. Class-117 tank cars do
not have a numeral following the W.

10





Nonpressure Tank Car Designator Table

. . Bottom Bottom
Designator | Tank Material Outlet Washout
ALW1 Aluminum Optional | Optional
ALW?2 Aluminum No Optional
w1 Carbon Steel Optional | Optional
w2 Carbon Steel No Optional
W3 Carbon Steel (Insulated) | Optional | Optional
w4 Carbon Steel (Insulated) | No No
W5 Carbon Steel (Elastomer | No No

Lined)
W6 Alloy (Stainless) Steel Optional | Optional
w7 Alloy (Stainless) Steel No No

Age/Life Limits — There is no life limit on a tank car
tank if it conforms to both the federal regulations and
the AAR requirements. An underframe built prior to
July 1, 1974, has an AAR life limit of 40 years, unless it
has received extended service status. Underframes since
July 1, 1974, have an AAR life limit of 50 years.

Note: Underframes may be “continuous” or “stub
sill”; refer to “Center Sill” and “Stub Sill Tank Car” in
Section 8 for additional information.
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Rail Car Orientation Diagram

Brake Wheel —
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SECTION 2: TANK CAR SAFETY SYSTEMS

Tank cars are equipped with various devices and safety
systems to protect the tank and fittings from damage
during an accident or severe impact. These devices and
safety systems, discussed below, include pressure relief
(PRD),

(double-shelf couplers), tank head puncture-resistance

devices coupler vertical restraint systems
systems (head shields), thermal (fire) protection systems,
service equipment (filling, discharge, venting, safety,
heating, and measuring devices), and protection systems.

Pressure Relief Devices — Per DOT regulation,
single-unit tank cars transporting Division 6.1, Packing
Group (PG) I and II (poisonous/toxic) materials, Class
2 (compressed gas), Class 3 (flammable liquid), and Class
4 (flammable solid, spontancously combustible, or
dangerous when wet) materials must have reclosing
PRDs. However, tank cars built before January 1, 1991,

and equipped with a nonreclosing PRD may be used to
transport Division 6.1, PG I or II materials or Class 4
liquids, provided the materials are not poisonous (toxic)
by inhalation. Refer to subsection titled “Pressure Relief
Devices”, page 15, for more information on PRDs.

Coupler Vertical Restraint Systems — Tank cars
are equipped with double-shelf couplers. The function
of the top and bottom

Double-Shelf Couplers

shelves is to prevent
couplers from separating
in a derailment or over-

speed thus
reducing the probability

impact,

of adjacent tank car head
punctures.

13





Tank Head Puncture-Resistance Systems —
Tank cars transporting Class 2 (compressed gas)
materials and those constructed of aluminum or nickel
plate used to transport hazardous materials/dangerous
goods and Class-117 tank cars must have a system
capable of sustaining, without the loss of lading, coupler-
to-head impacts of 18 mph. This is usually accomplished
by the installation of separate head shields or full-head
tank jackets made of 1/2-inch-thick steel on each end of
the tank car. On some insulated tank cars (typically
Class-105 pressure tank cars), head protection is
accomplished by a combination of the thickness of the
tank heads and the insulation system, the gauge
(thickness) of the head jacket, and the stand-off distance
between the jacket and the tank head, which must be
proved by testing.

Thermal Protection Systems — Single-unit tank
cars (except Class-113 cryogenic liquid tank cars)
transporting Class 2 (compressed gas) materials and
Class-117 tank cars must be equipped with a thermal

protection or insulation system that provides sufficient
thermal resistance so that there will be no release of any
lading, except through the PRD, when subjected to a
pool fire for 100 minutes ot a torch fire for 30 minutes.

Bottom Discontinuity Protection Systems —
Depending upon the commodity being transported and
the projection distance from the shell, tank cars equipped
with bottom fittings, called bottom
(including bottom outlets,

sometimes
discontinuities bottom
washouts, sumps, and blind flanges) must have these
fittings protected from being sheared off or otherwise
damaged in the event of a derailment or by other impact
that could result in the loss of lading. Bottom fittings
protection may be accomplished by mounting the valve
operating mechanism inside the tank and/or protective
skids applied to the bottom of the tank. Continuation of
the valve assembly below the tank shell or skid must be
designed so that it will fail without damaging the valve,
causing a release of product. This is accomplished by
incorporating a shear groove in the valve body or sizing

14





the bolts attaching the valve extension to have low-shear
strength.

Top Fittings Protection — Pressure tank cars are
required to have a protective housing bolted to the
pressure plate. Top fittings on Class-117 tank cars and
nonpressure tank cars in sulfuric acid service must also
be protected. Depending upon the date when ordered
for construction, nonpressure tank cars transporting a
Packing Group I or II material must have top fittings
protection. (See Section 4: Nonpressure Tank Cars for
additional information.)

Pressure Relief Devices

PRDs are fittings designed to relieve the internal pressure
within a tank car above a specified value that may result
from abnormal conditions or from normal pressure
increases during transportation (pressure relief device is
synonymous with safety relief device). Conditions that
may cause a PRD to function include the exposure of the
tank car to fire, hydrostatic pressure created within a tank

overloaded by volume, chemical (exothermic) reaction of
the lading in the tank that builds up pressure (such as
polymerization), and/or an ovet-speed impact that
results in a pressure spike due to the surge action of the
liquid.

A type of a PRD (a regulating valve) may be used on
certain tank cars, such as those transporting carbon
dioxide and cryogenic liquids, to intentionally vent vapor
during transportation. Such venting is normal in
transportation.

In addition to devices that relieve internal pressure,
nonpressure tank cars may be equipped with a device to
prevent a vacuum from forming within the tank.

In general, there are two categories of PRDs: (1)
reclosing devices, such as pressure relief valves (PRVs),
and (2) nonreclosing devices (rupture disc devices)
commonly called safety vents. Note: When used in the
Field Guide, the term “safety vent” is interchangeable
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with “rupture disc device” or “nonreclosing pressure
relief device”.

On nonpressure and pressure tank cars, the PRDs
are located on the top of the tank; on cryogenic liquid
tank cars, the PRDs are located in closed compartments
or cabinets containing the loading and unloading
equipment, typically mounted on the sides or on one end
of the car.

Pressure relief valves (PRVs) are spring-loaded,
reclosing PRDs designed to open at a set pressure to relieve
excessive pressure within the tank. They then automatically
reclose after normal conditions are restored. A tank car may
be equipped with multiple PRVs to provide the necessary
flow capacity for the commodity.

Safety vents are nonreclosing pressure relief devices
equipped with a rupture disc designed to burst at a
certain pressure to relieve pressure. If the disc bursts,
the device remains open until the disc is replaced.

Rupture discs ate made from plastic/composite
materials or a metal body (usually stainless steel)
incorporating an elastomeric-type membrane. Rupture
disc devices, instead of PRVs, are typically used on tank
cars transporting corrosive materials (such as sulfuric
acid) and other materials that may have properties that
would be detrimental to the components of a PRV.

Safety vents are also used on tank cars transporting
nonregulated commodities, such as corn syrup and clay
slurry, and in combination with other PRDs on tank cars
transporting cryogenic liquids, such as ethylene, argon
and oxygen.

Nonpressure tank cars in regulated commodity
service that are equipped with a rupture disc device must
have a surge pressure reduction device that, by design,
reduces the internal surge pressures at the pressure relief
device interface. Such devices are not required for
molten sulfur, acrylamide and elevated temperature

materials.
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Combination PRDs incorporate a nonreclosing
device, such as a breaking pin or rupture disc, in series
with a spring-loaded reclosing pressure relief valve. The
PRV must be outboard of the nonreclosing device
(breaking pin or rupture disc).
rupture disc must be designed to fail at a pressure higher
than that of the spring-loaded portion of the device.
Thus, if internal pressure causes the pin or disc to fail,

The breaking pin or

the spring-loaded portion will open.

Combination PRDs are typically used on high-
hazard PIH/TIH materials,
Combination PRDs utilizing a rupture disc are required

such as chlorine.
to be equipped with a device to detect any accumulation
of pressure between the disc and the spring-loaded valve.
The device must be a needle valve, try cock, ot telltale
which must remain

indicator, closed  during

transportation.

Regulating (regulator) valves (called a pressure
control device for cryogenic liquid tank cars) are required
on pressure tank cars transporting carbon dioxide and

nitrous oxide, and cryogenic liquid tank cars transporting
liquefied argon, nitrogen, or oxygen. These spring-
loaded PRDs, with start-to-discharge pressures lower
than the other PRDs (a pressure relief valve and a safety
vent), are intended to vent vapor during transportation
to maintain internal pressure (through auto-refrigeration)

below that of other PRDs.

Tank cars equipped with these devices must be
stenciled “REGULATING VALVE() VENTING
NORMAL” on both sides.

Vacuum-relief valves (also called vacuum breakers)
are applied to some nonpressure tank cars to admit air
into the tank to prevent excessive internal vacuum that
may result in a collapse (implosion) of the tank. This
danger exists during closed-system unloading operations
using pumps, where the tank is not vented to allow air to
enter or, in extreme cases, where an empty tank is
subjected to wide temperature variations (hot to cold);
e.g., steaming or steam-cleaning a tank car.
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Vacuum-relief valves are typically set at negative 0.75
psig or lower. A vacuum-relief valve should not be
depressed to determine if there is pressure in the tank,
because doing so may dislodge the O-ring seal causing

the device to leak.

Breather vents (also called continuous vents) are
devices equipped with a permeable disc, such as pumice
stone or a plastic-type membrane. Breather vents are
typically applied to nonpressure tank cars transporting
hydrogen peroxide solutions to prevent pressure buildup
within the tank by allowing the venting of oxygen, which
is generated as the material naturally decomposes.

Totally contained commodities are commodities
like corn syrup that have been authorized by the AAR Tank
Car Committee to be shipped in tank cars not equipped
with PRDs. Such tank cars must be stenciled with an AAR
specification (a DOT Special Permit is required for DOT
specification tank cars.)

Further, tank cars must be marked with the name of
the commodity it is carrying in minimum 4-inch high
lettering and the words “NO PRESSURE RELIEF
DEVICE” in minimum 2-inch high lettering beneath the
name of the commodity.

Pressure Relief Device Settings

For nonpressure and pressure tank cars, governmental
regulations prescribe that the start-to-discharge (STD)
pressure of a reclosing PRD may not be lower than 75 psig
or exceed 33 percent of the tank’s minimum burst pressure.
For example, a tank car with a 300 psig tank test pressure
(750 psig minimum burst pressure), must have the pressure
relief valve’s STD set between a minimum of 75 psig and a
maximum of 247.5 psig (33% of 750 psig).

A reclosing valve must have a vapor-tight pressure
(VIP) of at least 80 percent of the STD pressure. For
example, the minimum VTP for a 75 psig valve would be
60 psig, and the minimum VTP for a 247.5 psig valve would
be 198 psig.
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Tanks built prior to October 1, 1997, having a
minimum burst pressure of 500 psig or less may be
equipped with reclosing valve(s) having an STD pressure of
no less than 14.5 percent of the minimum burst pressure,
but no more than 33 percent of the minimum burst
pressure. For example, on a tank with a 60 psig tank test
pressure (240 psig) minimum burst pressure, the pressure
relief valve must be set between 38.8 (35) and 79.2 (80) psig.

For a nonreclosing safety vent, the rupture disc must
be designed to burst at a pressure equal to the greater of
either 100 percent of the tank’s test pressure or 33
percent of the tank’s burst pressure. For example, on a
tank car with a 100 psig tank test pressure (500 psig
minimum burst pressure), the disc must burst at the
greater of 100 psig or 165 psig (33% of 500 psig);
therefore, the disc must be designed to burst at 165 psig.

For a combination PRD, the breaking pin must be
designed to fail or the rupture disc burst at the pressure
prescribed for a reclosing PRD/PRV. Further, the
reclosing PRV must be set to discharge at a pressure not

greater than 95 percent of the STD pressure. For
example, on a tank car with a 500 psig tank test pressure
(1250 psig minimum burst pressure), the breaking pin
must fail or the rupture disc must burst between 75 and
412.5 psig, and, depending upon the pin or disc’s fail
point, the reclosing valve must be set to discharge
between 71.25 and 391.9 psig.

The type of PRD and the start-to-discharge (STD)
pressure of a reclosing pressure relief device or the burst
pressure of a rupture disc or breaking pin (in psi) must
be applied to the tank's qualification stencil (see page 25).
When a rupture disc or breaking pin is used in a
combination PRD, the pressure shown is that of the
rupture disc or breaking pin.

Tank cars transporting carbon dioxide and nitrous
oxide are equipped with three types of PRDs: (1) a
reclosing PRV having a STD pressure not exceeding 75
percent of the tank test pressure, (2) a nonreclosing
safety vent designed to burst at a pressure less than the
tank test pressure, and (3) two regulating valves set to
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open at a pressure not to exceed 350 psig on a 500 psig
test pressure tank or 400 psig on a 600 psig test pressure
tank. In addition, the final discharge of each PRD must
be piped outside of the protective housing. Under no
circumstances should these discharge pipes be
plugged or otherwise blocked.

Note: Carbon dioxide tank cars are loaded between
200 and 215 psi pressure, with commodity temperature
of minus 16 to minus 20 degrees . These tank cars have
5 inches of urethane foam insulation, which provides
approximately 8 to 10 days’ transport time before the
commodity warms up. If pressure builds in a 500 psig
test pressure tank, the first regulator valve vents at 340
psi. The second regulating valve will vent at 350 psi. If
pressure continues to increase, the safety relief valve will
open at 375 psi.
continues to increase, the rupture disk will open at 486

If the commodity temperature

psi. If a rupture disc fails, the liquid will start turning to
dry ice when the pressure falls below about 60 psig.
Regulating valves create a light hissing sound typically
noticeable within one to two car lengths. A venting PRV
will be noticeable approximately 5 to 10 car lengths. An
open vent can be heard from greater distances.

Cryogenic liquid tank cars transporting atmospheric
gases are equipped with one or more pressure relief
valves, safety vents/rupture disc device, and regulating
valves. The regulating valve is normally set to limit
internal pressure to no more than 25.3 psig under
ambient temperature conditions. Some tank cars may
have a second safety vent/rupture disc device in seties
with the first. They are connected to the tank by means
of a crossover valve so that only one safety vent/rupture

disc device is on line at a time.
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SECTION 3: TANK CAR STENCILING AND MARKINGS

There is a considerable amount of information required
by DOT, TC, and/or AAR to be stenciled ot marked on
the exterior of a tank car. There are standards as to the
location and size of the required stenciling.

The information most useful is the tank car’s
reporting mark (also called initials) and the car number.
The reporting mark, usually three to four letters,
identifies the cat’s owner (marks ending with an X
denote that the car is not owned by a railroad) and is
followed by up to six digits; e.g., AARX 122016. The
reporting mark and number are the tank car’s unique
identifier and are required to be marked on each side of
the car to the far left of center and in the center of each
end.

Many tank cars are also marked with the reporting
mark and number on the top of the car and/or diagonally
positioned on the ends.

In an emergency, you may identify the contents of a
car, from a safe distance, by looking up its reporting mark
and number on the train consist/train list/wheel report
or other shipping document.

Stenciled below the reporting mark and number will
be the tank car’s load limit (LD LMT) and light weight
(LT WT). The load limit is the maximum weight of
lading that may be loaded into the tank car. The light
weight is the weight of the tank car when empty. The
tank’s volumetric capacity, in gallons and liters, is
stenciled centered on each end. (The capacity may also
be shown in imperial gallons.)

The tank cat’s specification is required to be marked
on both sides to the far right of center. The following
information can be used to identify the type and
characteristics of the tank car.
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DOT and TC Tank Car Classes:

e Nonpressure Tank Cars: 111, 115, and 117
e Pressure Tank Cars: 105,109, 112, 114, and 120
e Cryogenic Liquid Tanks Cars: 113

AAR Tank Car Classes:

e Nonpressure Tank Cars: 206 and 211
e Cryogenic Liquid Tank Cars: 204

Nonpressure and pressure tank cars manufactured
prior to July 25, 2012, were required to have the
specification; material; cladding material (if any); tank
builder’s initials; date of original test; and car assembler
(if other than the tank builder) permanently stamped into
the metal near the center of both outside heads.

Currently, Class-113 cryogenic liquid tank cars are
required to have similar information, including additional
information, such as, design service temperature, water
capacity, in pounds, and tank shell and head thickness
stamped into, or displayed on a metal plate applied to,

the B-end (the end of the tank car with the hand brake)
outer jacket/shell.

Tank cars manufactured after July 25, 2012, are
required to display two identical permanent identification
(ID) plates made of corrosion-resistant metal mounted
diagonally on the inboard surfaces of the right side (AR)
and left side (BL) body bolster webs. The following
information is required to be shown on the ID plates: the

car buildet’s name and serial number; the AAR
Certificate of Construction (CofC) number; tank
shell/head material; insulation/thermal protection

materials and thickness; underframe/stub-sill type; and,

date built. For examples of ID plate formatting, see page
23.
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Identification Plate

Variable ID Plate

Allied Tank Car Co
2016 - 01110
A010209-1234

Car builder’s name:

Builder’s serial number:
Certificate of construction/exemption:
Tank specification: DOT-117A100W
Tank shell material/head material: TC128 GR B NORM
Insulation materials: Ceramic Fiber/Fiberglass
Insulation thickness: 0.5inch/3.0inch
Underframe/Stub sill type: RPM-101
Date built: Dec 2016

Note: Tank cars built before July 25, 2012 may have the
identification plates instead of, or in addition to, the head
stamping.

When a modification (e.g., retrofitting a Class-111
tank car to a Class-117) changes any of the information
on the ID plate, an additional variable ID plate must be
installed that includes the “AAR Number” (AAR CERT
NO) assigned to the modification, items that were
modified, and the month and year of the modification.

AAR Cert No: AO011222-2345
Insulation Material: 1/2 inch Ceramic Fiber
Date of Mfg: 10/2016

Other information is required to be stenciled on
both sides of the tank car near the specification marking
on a “qualification stencil”’; e.g., required periodic
inspections and testing of the tank, PRDs, intetior heater
system, and interior lining/coating. The stencil will also
include the due dates for next inspections and tests.

At the time of construction, tank car tanks are
subject to an initial hydrostatic pressure test
corresponding to its specification; e.g., the tank test
pressure for a specification DOT-111A100W2 tank car
is 100 psig. (Some tank car builders test nonpressure cars
to 33 percent of the minimum burst pressure; i.e., 165
psig for a tank with a 500 psig minimum burst pressure.)
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Prior to 1998, governmental regulations prescribed
periodic internal visual inspections, hydrostatic testing of
the tank and internal heater coils (if so equipped), and
testing of the PRV. Beginning in 1998 (for tank cars
without metal jackets) and 2000 (for tank cars with a
metal jacket or thermal protection system), all single-unit
tank cars (other than Class-113 cryogenic liquid tank
cars) used to transport hazardous materials/dangerous
goods became subject to periodic “continuing
qualification” inspection and testing requirements in lieu
of periodic hydrostatic retesting.

The frequency of continuing qualification
inspections is based on whether or not the tank car
transports commodities that are corrosive to the tank,
and whether or not the tank has an interior lining or
coating. By regulation, qualification intervals for the tank
may not exceed 10 years; for the service equipment,
qualification intervals are 5 or 10 years, unless a greater
period is approved by the Federal Railroad
Administration.

The current periodic qualification inspections
include the following:

e Internal and external visual examinations of the
tank

e Structural integrity inspections of various tank
welds

e Tank thickness tests

o Safety system inspections, including thermal,
head and skid protection, reclosing PRD, and
service equipment (valves and fittings)

e Marking inspections

o Lining and coating inspections

o Leakage pressure tests

In addition, the AAR requires periodic inspections
of the tank cat’s trucks and coupler/draft gear
components (88.B.2 Inspection) and stub sills (Stub Sill
Inspection).

24





The qualification/test dates and the due date for the
next inspections (year only, in four digits) are recorded
on a standardized qualification stencil (measuring 44
11/16 inches by 18 3/4 inches) applied to both sides of
the tank.

Tank Car Qualification Stencil

[ | ==& [QUALIFIED] DUE |
TMMX | 2015 | 2005 |
TMWX | 015 | 205 |

TMMX | 2015 | 2025 |
PRD VALVE TMMX mm-

e[ | aois |7
852 msPEGTION | TMwx | 2015 | 2025 |
STUs s specTion | Tmx | 2015 | 2025

Note: The following is an explanation of some of the information
found in the qualification stencil.

Station stencil: an alpha code assigned by the AAR to the tank car
facility performing the inspection.

Service equipment: filling/discharge, venting, safety (other than
pressure relief devices), heating, and measuring devices.

PRD: indicates the type of pressure relief device applied and its start-
to-discharge (STD) or burst pressure.
e VALVE: reclosing pressure relief valve.
e DISC or VENT: nonreclosing rupture disc device.
e COMB: combination pressure relief device (reclosing valve
with a rupture disc or breaking pin).
o NONE: no pressure relief device (total containment).

INT HTRS: interior heater system. Exterior heater systems do not
require requalification.
Lining PP: indicates the lining is applied to maintain product purity,

not to protect the tank from the corrosive effects of the lading. PP
linings do not require requalification.

The date the tank car was built (BLT) and type of air
brake valves are shown on a consolidated stencil applied
to each side of the tank.

In addition to placards and identification number
markings, governmental regulations require that the
proper shipping name or authorized common name of
certain hazardous materials/dangerous goods must be
marked on each side of the tank car in letters at least 3.9
inches high. For shipments originating in the United
States, these commodities are listed in §§172.325(b) and
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172.330(a)(1)(ii) of Title 49, Code of Federal Regulations

(CFR).

Other markings that may be required on tank cars

include:

Marine Pollutant mark for Marine Pollutants.
HOT for Elevated Temperature Materials.

INHALATION HAZARD for commodities
that are poisonous/toxic by inhalation.

NON-ODORIZED or NOT ODORIZED for
shipments of unodorized Liquefied Petroleum
Gases (LPGs). These markings may appear on
a tank car used for both unodotized and
odorized LPG.

REGULATING VALVE(S) VENTING
NORMAL, REGULATING VALVE(),
RELIEF VALVE, or RUPTURE DISC, as
appropriate, over/under the discharge pipe for
tank cars in argon, oxygen, carbon dioxide, and
nitrous oxide.

DOT-SP*##** for a tank car operating under
the provisions of a DOT Special Permit.

SR-*#** for a tank car that is operating under the
provisions of a Canadian Safety Permit-Rail.

AAR ST-*** for a tank car that is operating
under an AAR Service Trial.

EXS after the reporting mark and number for a
tank car authorized for extended service status.
Example: BOEX 2016 EXS

FRA AIP near the qualification stencil indicates
that a Federal Railroad Administration (FRA)
approved program

authorizes an extended qualification interval.

alternative  inspection

Tank cars equipped with bolted and hinged
manway covers must be marked with a manway
style decal or stencil near the manway. The
letters and numerals must be at least 1/4-inch
high. Manway style charts are found in
Appendix D of the AAR Specifications for Tank
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Cars and AAR Pamphlet 34 and identify
manway styles, manway nominal diameter,
number of bolts, and gasket dimensions.

Some tank cars are equipped with remote
monitoring equipment (RME) to monitor and record or
transmit certain data regarding a shipment, such as
location (via GPS), lading temperature and/or pressure,
leak detection, impact detection, indication of tampering
with or opening the protective housing, and loaded or
empty status.

The AAR has established standards regarding the
placement of such devices and wiring. Tank cars
equipped with RME must display labels or stencils within
12 inches of the sensor, be bright yellow or orange with
black lettering, and be at least 2 x 3 inches. The marking
must describe the device and provide a telephone
number to call for information on the device.

Typical Remote Monitoring Devices
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Location of Key Stenciling

Left Side:

® REPORTING
MARK / NUMBER

® LDLMT (LB/KG)
e LTWT (LB/KG)

Right Side:
® DOT SP/SR/AARST
o COMMODITY NAME

™ e DOT/TC/AAR
SPECIFICATION

® QUALIFICATION
PANEL

Heads:

® REPORTING
MARK /
NUMBER

e CAPY (GAL)
e CAPY (L)

Consolidated Stencil

Type of === EELCEET
air brake pB-20
valves

Car built
date

Photos courtesy of Norfolk Southern Railway Company.
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SECTION 4: NONPRESSURE TANK CARS

Nonpressure tank cars (also called “general service” or
“low-pressure” tank cars in the 2076 Emergency Response
Guidebook), Classes DOT/TC-111, 115 and 117 and
AAR-206 and 211, are used to transport a wide variety of
liquid solid

dangerous goods) as well as nonregulated commodities.

and regulated (hazardous materials/

The most common nonpressure tank cars in use today
are Class-111 and Class AAR-211.

Class-111 tank cars made of carbon or alloy
(stainless) steel are required to have a minimum shell
thickness of 7/16 inch, and those made of aluminum are
required to have a minimum shell thickness of 1/2 inch
(60 psig tank test pressure) or 5/8 inch (100 psig tank test
pressure). Regardless of the material of construction,
Class-111 tank car tanks with a 60 psig tank test pressure
are required to have a minimum burst pressure of 240

psig, and those with a 100 psig tank test pressure are
required to have minimum burst pressure of 500 psig.

Class-117 tank cars are designed primarily for the
transportation of Class 3 (flammable liquid) materials.
Specification DOT/TC-117A100W tanks are required to
be constructed of AAR TC-128 Grade B, normalized
carbon steel, with a minimum thickness of 9/16 inch.
The tank test pressure is 100 psig, with a bursting
pressure of 500 psig. Class-117 tank cars must have a
tank head puncture resistance system consisting of full-
height head shields at least 1/2-inch thick and a thermal
protection system covered by a metal jacket of not less
than 11 gauge (approximately 1/8 inch) thick (tank
insulation is optional). A reclosing pressure relief device
and top fittings must be protected. If equipped with a
bottom outlet, the operating handle must be removed
before movement, or the valve must be designed with a
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protection safety system to prevent unintended actuation
during train accident scenarios.

Note: Additional information regarding Class-117
tank cars may be found in the Annex.

Class-211 tank cars are similar to Class-111 tank cars,
and, with certain exceptions, must be built in accordance
with the applicable DOT/TC specification; e.g., a
specification AAR-211A100W1 tank car must be built to
the requirements for a specification DOT-111A100W1
tank car. The main differences between an AAR tank car
and its DOT/TC specification counterparts are:

e (lass-211 tank car tanks require only partial
post-weld heat treatment at the time of
construction.  Class-111 carbon and alloy

(stainless) steel tanks and welded attachments

must be post-weld heat treated as a unit. Tank

car tanks made

of aluminum are not allowed to be post-weld
heat treated.

e Class-211 tank car tanks constructed of carbon
and alloy (stainless) steel do not require
radioscopic examination of welded joints;
however, welded joints of aluminum tanks must
be examined.

o Additional/special fittings on AAR cars to meet
user needs.

Most nonpressure cars have a low-profile manway
nozzle on top of the tank, equipped with a gasketed
hinged and bolted manway cover. The cover is opened
for loading/unloading or for access into the tank for
maintenance. Other styles of manway covers (such as
those on sulfuric or hydrochloric acid tank cars) are semi-
permanently attached to the manway nozzle and are
equipped with a small gasketed hinged and bolted fill
hole with a cover that is opened for loading or unloading.
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Loading and unloading fittings are typically located
in the general area of the manway and are often enclosed
within a hinged combination housing called a protective
housing by DOT regulations, but commonly called a
breadbox or mailbox. Some nonpressure tank cars may
be equipped with a protective housing similar to those
used on pressure tank cars to provide additional
protection for the valves and fittings.

All Class-117 tank cars, and some other nonpressure
tank cars, are equipped with a protective housing similar
to those used on pressure tank cars to provide additional
protection for the valves and fittings.

On nonpressure tank cars, the top-mounted
loading/unloading equipment will usually include a 2- or
3-inch liquid eduction line (located along the centerline
of the tank). The liquid eduction line consists of a liquid
valve (or other closure) and eduction (or siphon) pipe
that extends to the bottom of the tank. The eduction
pipe may extend into a sump.

A sump is a formed depression (or bowl) in the
bottom of the tank where the lading will drain, allowing
more complete emptying of the tank.

There may also be a smaller eduction line (typically 1
inch), called an air line, air inlet or vapor valve, used to
introduce a compressed gas (e.g., air and nitrogen) to
pressurize the tank for unloading through the liquid
eduction line. This device may also be used to vent the
tank during loading or unloading.

Other fittings may include a vacuum-relief valve, a
1/4-inch sample line, and/or a gauging device (either a
magnetic ball style or a fixed-length telltale pipe with a
control [needle] valve). The interior of the tank may be
equipped with an outage gauge (at the manway nozzle)
indicating vacant or vapor space in the tank, usually
graduated in inches of outage.

On nonpressure tank cars in some services (e.g.,
sulfuric acid), the liquid eduction line and air line fittings
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may not have control valves because they are closed with
pipe caps, plugs, or blind flanges.

PRDs
nonreclosing rupture disc devices/safety vents) may be

(reclosing  pressure relief valves or
attached to the top of the tank on separate nozzles or

attached to the manway cover.

Nonpressure tank cars in some corrosive services
will often have the manway plate face and fittings flange
faces rubber lined. However, due to advances in coating
and lining materials, some nonpressure tank cars in
corrosive service may have metal-based, hard coated, or
hard polymer-lined manway plate or fittings flange faces
and components of material suitable for the service.

In addition to insulation, some nonpressure tank
cars in flammable liquid service have been equipped with
thermal protection and Class-117 tank cars are required
to have a jacketed thermal protection system (insulation
is optional).

Except for certain specifications, nonpressure tank
cars may be equipped with bottom outlet valves for
loading or unloading. These valves may be ball, wafer-
sphere, or butterfly style valves that are operated from
beneath the car. They may also be plug or clapper style
valves that are operated from the top of the tank.

The top-operated bottom outlet valve is an internal
plug valve that is mounted on the bottom of the tank.
The valve is attached to a rod that passes up through the
tank and through a stuffing box body on top of the tank.
The stuffing box body is equipped with a combination
cover and wrench (T-wrench or cone) used to open and
close the valve.

Certain specification nonpressure tank cars may be
equipped with a bottom washout that can be removed to
facilitate cleaning of the tank’s interior. It is not used in
loading/unloading operations.
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Depending upon their projection from the bottom
of the tank shell, bottom outlet, blind flanges, washouts,
and sumps (referred to as bottom discontinuities) applied
to stub sill tank cars may be required to have bottom
fittings protection.

Typically, this protection is provided by attaching
skids to the bottom of the tank to protect the fittings in
the event of a derailment. Some nonpressure tank cars
are also equipped with skids to protect their top fittings.

Nonpressure tank cars may have insulation (typically
fiberglass, mineral wool blankets, or foam) applied over
the tank and enclosed within a metal jacket. For Classes
115 and 200, the insulation is applied between the inner
and outer tanks. Per regulation, the jacket must be not
less than 11 gauge (approximately 1/8 inch) thick.
Insulation is used to moderate the temperature of the
lading during transportation; e.g., to keep the lading cool
or warm, depending upon its characteristics and the
season of the year or as an aid in heating the product for
unloading.

Nonpressure tank cars may also be equipped with
interior or exterior heater coils. Prior to unloading,
steam, hot water, or hot oil lines are attached to the coil
inlets and outlets. As the heating medium circulates
through the coils, it heats the liquid or melts solidified
ladings, such as phosphorus, sulfur, wax, and asphalts, to
facilitate unloading. Interior heater coil inlet and outlet
pipes are required to have caps or plugs applied during
transportation. Exterior heater coils do not require caps,
and the car must be stenciled “EXTERIOR HEATER
PIPES — NO INLET OR OUTLET PIPE CAPS
REQUIRED”.

equipped with electric-resistance heater systems in place

Some nonpressure tank cars are

of heater coils.

Nonpressure single-unit tank cars may be divided
into compartments by inserting ellipsoidal heads into the
tank shell (heads must be concave to the lading of each
compartment) or by joining separately constructed tanks
to make a single car structure. Each compartment will
have its own loading/unloading fittings and PRD.
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Compartments must be identified numerically, beginning
with the B-end (the end of the car with the hand brake
wheel) compartment as number 1 and numbered
consecutively toward the A-end (the end without the
brake wheel).

Note: Unlike highway cargo tanks, tank car compartments
are not constructed by applying interior walls within a single

tank. Further, unlike some cargo tanks, tank cars do not
have interior baffles to control lading surges.

Class-115 and Class-206 nonpressure tank cars have
an inner container (tank) constructed of carbon steel,
alloy (stainless) steel, manganese molybdenum steel, or
aluminum. The inner tank is supported within an outer
shell (tank, not jacket).

The annular space between the inner tank and outer
tank contains insulation. These cars are commonly
referred to as tanks-within-a-tank as the outer shell (tank)
is constructed in the same manner as a tank car tank; it is
not merely a metal jacket covering an insulated tank.

For Class-115 tank cars, the outer tank may be
fabricated of the same materials authorized for inner
tanks and must be at least 7/16-inch thick. For Class-
206 tank cars, the outer tank must be fabricated from
carbon steel. They may be divided into compartments,
have a 60-psig tank test pressure, and, in addition to
loading/unloading and pressure relief devices, they may
be equipped with a bottom outlet and/or bottom
washout. These tank cars are normally used to transport
temperature-sensitive commodities that require a highly
efficient insulation system.

Note: The following illustrations (pages 35-68) show typical
valve and fittings arrangements for nonpressure tank cars.
Individual tank car arrangements may vary based upon
product service and/or the equipment manufacturer.
Nomenclature used in the illustrations may not always be
consistent with that used in the text of the Field Guide.

34





DOT/TC-111A100W1 Tank Car for Alcohol and Methanol Service

T5# Safety Valve ~ Th# Safety Valve _'_
1oV T 14-11v%2 <
Dia, 4" Internal Bottom Top of f
QOutlet Ball Valve unl.inq [
12547 \' %
o
NS
s

2110V

544" Truck Centers
653" Over Strikers
67-10%2" Coupled Length

CAPACITY & WEIOHTS

Net Capacity @ 2% Outage - 20,348 gals.
Estimated Light Weight — 67,000 Ibs.

Rail Load Limit (100 Ton Trucks) ~ 263,000 Ibs.
COMMODITY MAXIMUM DENSITY

Truck Cpty. | Wheel Base | Non-Coiled Comm. wt./gal.

100 Ton 5.10° 6.68¢

DOT-111A100W1

For Alcohol & Methanol Service

29,947 GALLON CAPACITY -
- MON-INSULATED (v. 1)

© Copyright, General American Transportation Corporation; reprinted with permission.
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Top Operating Platform for Nonpressure Tank Cars (Post 1982)

Part No. Description
62 Step Tread
112 Handrail
114 Ladder Stile
211 Corner Post
112 213 Support Bracket

215 Platform Grating
265 Safety Valve Assembly
339 Manway Cover

350 Manway Ring
211 o 339 464 Anti-Skid Coating

215

114

TOP OPERATING PLATFORM FOR
GENERAL SERVICE CARS (POST 1982)
(6' x 6' Shown — Other Lengths/Widths Available)

© Copyright, General American Transportation Corporation; reprinted with permission.
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DOT/TC-111A100W2 Tank Car for Sulfuric Acid Service

Quick Opening Fill Hole 2" Discharge Connection

Air Connection
Sn(e(yvn!veorVen\tn Tj —*”—
9/16" Tank
s =t 13‘-[101/15' >
e Dia. .
11-57%6°
Top of Grating [|_]
1 i
- ( Wo
- Drip Ledge 2/
b ) 1 C | 2.
& T T T =%
2101 W Skid & Washout W
5_

28'-8" Truck Centers
307" Over Strikers e
42'-21/2" Coupled Length Ozgr%(-:.hs

CAPACITY & WEIGHTS

Nominal Capacity @ 2% Outage — 13,600 gals.

Estimated Light weight (Non-Coiled) — 55,200 Ibs.

Rail Load Limit (100 Ton Trucks) - 263,000 Ibs.
COMMODITY MAXIMUM DENSITY

Truck Cpty. | Wheel Base|  Non-Coiled Comm. wt/gal.

100 Ton 510" 15.24

DOT-111A100W2

For Sulfuric Acid Service

13,946 GALLON CAPACITY -
NON-INSULATED (v. 2)

© Copyright, General American Transportation Corporation; reprinted with permission.

37





Loading and Unloading Arrangement and Top Operating Platform for Sulfuric Acid Cars

Part No. Description

32 Eye Bolt
12 Hand Rail
21 Corner Post
213 Support Bracket

211 32 g 460 q2 488 215 | Platform Grating
263 Safety Vent Assembly
276 1* Air Connection Valve

202 Washout Plug

350 Flued Manway Nozzle
377 8" Fill Hole Cover
406 Washout Nozzle Fig.
453 Pipe Guide

454 Eduction Pipe

458 Pipe Cap

450 Tell-Tale Plug & Chain
460 Street Elbow

464 Anti-Skid Coating
79 “0" Ring

723 Gasket

LOADING AND UNLOADING
ARRANGEMENT AND TOP OPERATING
PLATFORM FOR SULFURIC ACID CARS

© Copyright, General American Transportation Corporation; reprinted with permission.
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DOT/TC-111A100WS5 (Rubber Lined) Tank Car for Hydrochloric Acid Service

20,429 GALLON CAPACITY -
NON-INSULATED (v. 2)
DOT-111A100W5 (Rubber Lined)

For Hydrochloric Acid Service

CAPACITY & WEIGHTS
Nominal Capacity @ 2% Outage— 20,000 gals.
Estimated Light Weight ~ 68,600 Ibs.
Rail Load Limit (100 Ton Trucks) — 263,000 Ibs.
COMMODITY MAXIMUM DENSITY
Truck Cpty. | WheelBase |  Non-Coiled Comm. wt./gal.

100 Ton 510 10.20#

1008 Safety Vent & 22" Discharge Connection
Air Connection
Quick Opening Fill Hole
116" Tank
0w - L.
16" Rubber Inside Dia. i 144104
Lining 1| Topof Grating
Drpledge  f—
@ il 1 — 1 ]
g 1

35"-59/4" Truck Centers
- 46'-43/1" Over Strikers
| 49'-044" Coupled Length

_'_ 1 I __ 1=
il § | (N, e Doy | W,

© Copyright, General American Transportation Corporation; reprinted with permission.
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Loading and Unloading Arrangement for DOT/TC-111A100W5 (Rubber Lined) Tank Cars

PART
NO. DESCRIPTION

16 | SEGMENTAL WASHERS
32 | EYEBOLT ASSEMBLY
141 | SUMP
161 | SAFETY CHAIN
261 | SAFETY VENT HOUSING
262 | SAFETY VENT NOZZLE
338 | MANWAY COVER PLATE
350 | FLUED MANWAY NOZZLE
377 | FILLHOLE GOVER
379 | UNLOADING PIPE ADAPTER
380 | UNLOADING CONNECTION BLIND
FLANGE
381 | DISCHARGE PIPE
451A | AIR CONNECTION FLANGE
4518 | DISCHARGE PIPE FLANGE
453 | DISCHARGE PIPE GUIDE

© Copyright, General American Transportation Corporation; reprinted with permission.
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Top Operated, Bottom Unloading Valves

6-Inch Positive Internal 6-Inch Positive Internal
Type Bottom Outlet Type, Jacketed, Bottom
Arrangement, Top Operated Outlet Arrangement, Top

Internally Guided Operated Externally Guided

ar2
PART
CRIPTION
No. oFs DESCRIPTION
728 HEXAGON NUT
33 SlEl))(DggLT N HEXAGON NUT
STUD BOLT

727 84 | STUFFING BOX BODY

85 | STUFFING BOX COVER

148 | OUTLET NOZZLE EXTENSION
149 | OUTLET NOZZLE CAP

154 | OPERATING ROD (POLISHED)
155 | POST FLANGE
157 | OPERATING ROD SOCKET
158 | OPERATING SCREW

161 | SAFETY CHAIN

STUFFING BOX BODY
STUFFING 80X COVER
STEAM JACKETED
OUTLET NOZZLE
OUTLET NOZZLE CAP
OPERATING ROD

POST FLANGE
OPERATING ROD SOCKET
OPERATING SCREW

315 | COTTERPIN OUTLET NOZZLE REDUCER

372 | SEALPIN SAFETY CHAIN

459 | PIPE PLUG e

606 | ADAPTER FLANGE PIPE NIPPLE

694 | OUTLET VALVE (TOP GUIDED) PIPE CAP

723 | GASKET-VALVE SEAT (TEFLON) PIPE PLUG

3 | 727 | PACKING MATERIAL (TEFLON CHEVRON) ADAPTER FLANGE

PACKING GLAND (STAINLESS STEEL) OUTLET VALVE

PACKING MATERIAL
PACKING GLAND

© Copyright, General American Transportation Corporation; reprinted with permission.
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Bottom Outlet with Skid Protection

BALL
(in open position)

TANK SHELL

SHEAR PLANE

NOZZLE

LOCKING PIN

The colored area in the illustration «~——HANDLE
The shaded area in the illustration {in open postion)
indicates the valve’s moving parts. ]

© Copyright, General American Transportation Corporation; reprinted with permission.
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Internal Ball Valve

SEAL

BODY

TANK SHELL

L2 J

L]

4 - b %

|
|

o )
JACKETING |

HANDLE

Valve Open
Handle shown in closed CAP
position for illustrative purposes

LOCKING PIN

© Copyright, General American Transportation Corporation; reprinted with permission.
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Jamesbury and Posi-Seal Bottom External Butterfly-Type Valve

il
7.
}},
T
g
¥
3

© Copyright, General American Transportation Corporation; reprinted with permission.
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Typical Bottom Washout Arrangements

WELDED IN CLOSURE PLATE WASHOUT PLUG FOR RUBBER LINED CAR

© Copyright, General American Transportation Corporation; reprinted with permission.
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Pressure Relief Valve

A CAP
B TOPNUT

C ADJUSTING SCREW
D TOP GUIDE

E SEAL

F FOLLOWER

G STEM

H SPRING

| GUIDE

J PLUG “O” RING

K RETAINER

L SEAT“O”RING

M PLUG
N BODY

A TOP GUIDE

B VALVE STEM
C “O"RINGS

D SEAL

E BODY
F MOUNTING FLANGE
G GASKET

H SPRING

| SPRING GUIDE

J ADJUSTING NUT

N

Internal Valve External Valve

© Copyright, General American Transportation Corporation; reprinted with permission.
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Safety Vent

Note: Safety vents are also called a “rupture disc
devices” and “nonreclosing pressure relief devices”.

Cross Section
Showing Frangible Disc

A Safety Vent Housing
/_,__,/_,.—\,,\& B Frangible Disc
C Nozzle
Detail of Side View

=

© Copyright, General American Transportation Corporation; reprinted with permission.
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8 Line Interior Heater Coil, Simplex System, Connections at Bottom Outlet

Part No. Description
] Bar Support
145 Steam Jacketed Outlet Nozzle
206 Cradle Bar
454 Coil Pipe
456 Coil Return Bend
458 Pipe Cap

8 LINE INTERIOR HEATER COIL,
SIMPLEX SYSTEM, CONNECTIONS
AT BOTTOM OUTLET

© Copyright, General American Transportation Corporation; reprinted with permission.
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10L 2T Serpentine Manifolded Half-Oval Outside Coil (Post 1974)

279(A)

Part No. Descrip
152(B) 102 Split Slabbing
279(A) | 8" Half-Oval Outside Coil
279(B) | 5" Half-Oval Outside Coil
452(A) | Coil Inlet Nozzle
452(B) | Coil Outlet Nozzle

606 Outlet Flange Adaptor

10L 2T SERPENTINE MANIFOLDED HALF-
OVAL OUTSIDE COIL (POST 1974)

© Copyright, General American Transportation Corporation; reprinted with permission.
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Sulfuric Acid Tank Car with Top Fittings Protection

PRV
Protective
Housing
Vent/Air
Valve

Courtesy of Veolia North America.
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Sodium Hydroxide Tank Car with Top Fittings Protection
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Bottom Outlet Valve with Operating Instructions

Courtesy of Norfolk Southern Railway Company.
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Class DOT/TC-111A “CPC 1232” Tank Car for Flammable Liquid Service
(Equipped with Top Fittings Protection and Headshields)

CBTX 741423

0 21110018 95750k
T WT 7450018 33850k

Courtesy of Railway Association of Canada.
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Headshield Detail

T

DOT Specification and
Qualification Stencil

DOT IIISIO0OW]I
[ I55s Jouawwo] ove ]
[ Ana | 7o | voss |
.

TANK QUALIFICATION
THICKNESS TESY

SERVICE EQUIPMENT
PROVALVE 75 PSI

STUB SIL

Courtesy of Canadian National Railway.

The letter “S” in the specification
indicates the tank car is
equipped with headshields.
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Class DOT/TC-117 Tank Car Features

Protective
Thermal protection housing
between tank and with fittings Manway
jacket Full head shield

Exterior heater coils

NI EEEEE

eyEE) A

Bottom outlet

Courtesy of Trinity Industries, Inc.
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DOT/TC-117J100W Tank Car for Flammable Liquid Service

e =

Courtesy of Railway Association of Canada.
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Class DOT/TC-117 Manway and Class DOT/TC-117 Fittings Arrangement
Top Fittings Protective Housing Inside Protective Housing

Pressure
Relief
Valve

Vaguum
Relief

b Y
. Mdgnetic
~ ' Gauging
Device™

)

Courtesy of Railway Association of Canada.
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Class DOT/TC-117 Bottom Outlet Operating Mechanism

(Operating Handle Disengaged During Transportation)

Courtesy of Railway Association of Canada.
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DOT/TC-117R100W Tank Car for Flammable Liquid Service
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DOT-117R100W Specification and DOT-117R100W Retrofit
Qualification Stencil and Original ID Plates
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Examples of Nonpressure Tank Car Service Equipment

Single Bolt Manway Covers

“One-Bolt Manway System” “The Duke” Manway
Courtesy of Kelso Technologies, Inc. Courtesy of Transquip USA.
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Flexible Liquid Safety Vents (Rupture Disc Devices)
Eduction Tubes and Surge Suppressors

Courtesy of

Kelso Cogmlasy of
Technologies, aico
Inc Products,
' Inc. Courtesy of Salco Products, Inc.
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Vacuum Relief Valves

Courtesy of Midland

Manufacturing Co. Courtesy of

Kelso Technologies, Inc.
Courtesy of
Salco Products, Inc.
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Reclosing Pressure Relief Valves

(Similar appearing valves may be found on pressure tank cars.)

—
>
>
=
-
>
-
-

Courtesy of Midland Manufacturing Co.
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http://www.opwglobal.com/products/us/transportation-products/railcar-products/general-purpose-car-products/pressure-relief-valves-prv-for-general-purpose-cars/internal-pressure-relief-valves

http://www.opwglobal.com/products/us/transportation-products/railcar-products/general-purpose-car-products/pressure-relief-valves-prv-for-general-purpose-cars/external-pressure-relief-valves

http://www.opwglobal.com/products/us/transportation-products/railcar-products/general-purpose-car-products/pressure-relief-valves-prv-for-general-purpose-cars/high-flow-pressure-relief-valve-a-22075-76

http://www.opwglobal.com/products/us/transportation-products/railcar-products/general-purpose-car-products/pressure-relief-valves-prv-for-general-purpose-cars/smart-flow-prv



“Constant Force Spring” Pressure Relief Valves

. ) Teflon© coated for
Valve with debris/ corrosive service

bee screen

Courtesy of Kelso Technologies, Inc.
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New-Style Bottom Outlet Valves and Operating Handles

Courtesy of Salco Products, Inc.

Courtesy of Midland Manufacturing Co.
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Lined Fittings Manway Plates for Hydrochloric Acid Tank Cars
b- -8
|

Courtesy of Salco Products, Inc. Institute
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Typical 20- and 22-inch Hydrochloric Acid Manway Fittings Arrangements

SECTION A-A EDUCTION S9E ST 4SO STTTON OF LD
T O Wt ST R ECOMMEATIONS

—

B g |

1. NOZZLE DESIGN FOR CONNECTION

SECTION B-8 1 NOZZLE DESIGN FOR CONNECTION
SECTION 8.8 P ) BYIHE RUPTURE DISC ASSEMBLY TO TANK IS DETERMINED BY THE
PRESSURE RELIEF VALVE stharnin AT

2. NUMBER OF DRAIN HOLES IS
DETERMINED BY THE MANUF/ 2 NUMBER OF DRAIN HOLES 1S
'DETERMINED BY THE MANUFACTURER.

3. VALVE ON EDUCTION PIPE 1S OPTIONAL
AS DETERMINED BY THE SHIPPER.

3. VALVE ON EDUCTION PIPE 1S OPTIONAL
AS DETERMINED BY THE SHIPPER.

4. THE USE OF SEGMENTED WASHERS IS
AN OPTION DETERMINED BY THE

A4 THE USE OF SEGMENTED WASHERS IS
AN OPTION DETERMINED BY THE
ACTURER
TYPICAL 20" HCL o TYPICAL 22" HCL
MANWAY ARRANGEMENT i e i MANWAY ARRANGEMENT
e S09A =3 2028 s
x - T - T ¥ T T

Courtesy of The Chlorine Institute
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SECTION 5: PRESSURE TANK CARS

Pressure tank cars, Classes DOT/TC-105, 109, 112, 114,
and 120, are used to transport liquefied compressed
gases, poison/toxic inhalation hazard (PIH/TIH)
materials, reactive materials, and/or corrosive materials
requiring the additional protection. There are no

equivalent AAR-type pressure tank car specifications.

Minimum tank plate thickness ranges from 1 /2 inch
to 11/16 inch for steel tanks (depending on tank
diameter and tensile strength of the plate used) and 5/8
inch for aluminum. Depending upon the specification,
pressue tank cars have burst strengths from 500 psig to

1500 psig.

Class-105 insulated carbon or alloy (stainless) steel
or aluminum pressure tank cars are designed for top
loading and unloading. Bottom outlets and washouts are

prohibited. Tank test pressures range from 100 psig to
600 psig. These cars may be equipped with tank head
puncture resistance and thermal protection systems.

Class-109 insulated carbon steel or aluminum
pressure tank cars are designed for top loading and
unloading. Bottom washouts are authorized; however,
bottom outlets are prohibited. Tank test pressures range
from 100 psig to 300 psig. There are very few Class -109

tank cars in service.

Class-112 insulated or uninsulated carbon or alloy
(stainless) steel pressure tank cars are designed for top
loading. Bottom outlets and washouts are prohibited.
These cars may be equipped with tank head puncture
resistance and wrapped with thermal protection systems.
Tank test pressures range from 200 psig to 500 psig.
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Class-114 are insulated or uninsulated carbon or
alloy (stainless) steel pressure tank cars with tank test
pressures of 340 or 400 psig. These cars may be
constructed of noncircular cross section, and, except for
the PRD, the valves and fittings may be located
somewhere other than the top of the tank.

Class-114 cars may be equipped with bottom outlets
and washouts, and tank head puncture resistance and
thermal protection systems. Currently, those in service
are similar in appearance to Class-112 tank cars. No
noncircular cross section tank cars are in service.

Class-120 tank cars are insulated steel or
aluminum pressure tank cars with tank test
pressures of 100 to 500 psig. Like Class-114
tank cars, they may have valves and fittings
located somewhere other than the top of the
tank and may be equipped with bottom
outlets and washouts and tank head puncture

One tank car manufacturer has built a number of
specification DOT-120J200W  tank the
transportation of flammable liquids. These tank cars are

cars for
similar in appearance to Class-117 tank cars, except the
hinged and bolted manway cover is contained within a
protective housing. These tank cars operate under a
DOT Special Permit and Canadian Safety Permit-Rail.
(see page 80).

Pressure tank cars are most readily identifiable by the
presence of a protective housing on top of the tank (not
to be confused with an expansion dome applied to
obsolete nonpressure tank cars).

DOT/TC-120J200W for Flammable Liquid Service

resistance and thermal protective systems.
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The loading/unloading fittings and the PRD (PRV
or combination PRD) will be mounted on a manway
cover or pressure plate and enclosed within the
protective housing. Some tank cars in refrigerant gas or
certain corrosive service may have a bottom outlet,
bottom washout, and a hinged and bolted manway cover
enclosed within a dome-shaped housing.

Unlike nonpressure tank cars, which may be loaded
or unloaded using an open system, pressure tank cars are
loaded and unloaded using a closed system; i.e., the tank
is not opened to the atmosphere during the process. The
manway cover or pressure plate is removed only for
maintenance purposes at a tank car repair facility.

Although rare, pressure tank cars may be equipped
with heater coil systems.

Typically, in addition to the PRDs, a pressure tank
car will have two liquid eduction lines running along the
tank’s longitudinal centerline with the valves facing the
ends with eduction pipes reaching to the bottom of the
tank and at least one vapor eduction line with the valve
facing the side of the tank car with an eduction pipe
extending only into the top of the tank.

The valves for liquid and vapor eduction lines are
commonly called angle valves (so called because product
flow through the valve is at a right angle to the flow
through the eduction line).

The angle valves may be either plug or quarter-turn
ball style valves. Instead of angle valves, some pressure
tank cars are equipped with ball valves designed for
vertical flow of the product.
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Depending upon the tank car’s service, the following

additional fittings may be found mounted on the

pressure plate:

Sample Line: may be used to obtain a sample
of the tank’s lading for laboratory analysis. The
device consists of an open pipe extending into
the tank that may or may not go to the bottom
and is closed with a control (needle) valve on the
outside. To obtain a sample, a hose is connected
to the control valve’s port, with the other end
attached to a container for the sample (usually a
When the

control valve is opened, lading will flow into the

small compressed gas cylinder).

container.

The sample line valve may also be used to attach
a pressure gauge to determine the pressure
within the tank. Because the sample line’s pipe
may not extend completely to the bottom of the
tank, it cannot be relied upon to determine if
there is any liquid remaining in an empty tank.

Gauging Device:
device consisting of a hollow metallic pipe,
capped at the end inside the tank. A metallic ball
or float equipped with ring magnets is placed
around the rod. The inside of the pipe is
equipped with a composite-material gauging

typically, a magnetic-ball

rod, with a magnet on the lower end. As the
tank is filled, the ball floats on the liquid and the
magnetic force between the ball and the rod
causes the rod to follow the ball, rising with the
liquid level. The gauging rod is typically
graduated in one-quarter inch increments, and
the liquid-level measurement can be converted
to gallons of outage (vacant or vapor space in
the tank) using outage tables supplied by the
tank car’s builder. Subtracting the outage from
the tank’s volumetric capacity will give the
“innage” or number of gallons of product inside
the tank.
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In lieu of a magnetic gauging device, pressute
tank cars may be equipped with electronic or
“telltale” (also called “dip tube’) gauging devices.
Telltale gauges consist of a fixed open tube that
extends into the tank (but not to the bottom)
with an outside control (needle) valve, similar in
appearance to the control (needle) valve on a
sample line. The length of the tube(s) has been
predetermined to typically correspond to 1
petcent and/or 2 percent, or up to 5 petcent
outage by volume. During loading, the control
valve(s) are open, and when liquid is emitted, the
designated outage has been reached.

used to take the
temperature of the lading. The device consists
of a pipe (sealed at the bottom) filled with an

Thermometer Well:

antifreeze solution or oil that extends into the
tank and is closed with a cap (not with a valve)
on the outside. With the cap removed, a

thermometer, which does not travel with the car,

is lowered into the tube. The temperature of the
liquid in the tube will correspond to the
temperature of the lading, which is transferred
to the thermometer. The external pipe and/or
the thermometer well cap are equipped with
telltale holes that are intended to provide a
warning should there be a failure of the internal
pipe. Some pressure tank cars are equipped with
electronic temperature sensing devices.

Excess Flow Valves: required by

governmental regulations for certain
commodities. An excess flow valve (not to be
confused with a check valve that only allows
flow in one direction) is a device that closes
automatically against the outward flow of the
contents of a tank in case the external closure

valve is broken off or removed during transit.

Excess flow valves may be equipped with a
bypass feature that allows for pressure
equalization. Excess flow valves are neither
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designed nor intended to stop the flow of a tank
car’s contents in the event of a failure of a
loading/unloading system’s piping ot hoses.

For commodities that have a primary or
subsidiary hazard of Division 2.1 (flammable
gas) material hazard, the interior (eduction)
pipes for the loading and unloading valves and
sample devices must be equipped with excess
flow valves. Tanks transporting chlorine must
have excess flow valves or spring-loaded check
valves only on the interior (eduction) pipes for
the liquid discharge valves. Note: Sece
“Enhanced Fittings Package for PIH/TTH Tank
Cars” for exceptions.

Although not required by regulation, pressure
tank cars transporting other commodities may
be equipped with excess flow valves; e.g., a tank
car may be in dual service, wherein it transports
LPG (Division 2.1) requiring excess flow valves
during part of the year and anhydrous ammonia

(Division 2.2), which does not require excess
flow valves, during other times of the year.

Fittings for the Most Common
Commodities Shipped in
Pressure Tank Cars

Liquefied Petroleum Gases (e.g., propane, butane, and

propylene), vinyl chloride, butadiene, and anhydrous

ammonia:

Two liquid eduction lines along the centerline of
the tank with the eduction valves pointing
towards the ends of the car.

One vapor eduction line with the eduction
valves pointing to the side of the car.

Pressure relief valve.
Thermometer well.
Sample line.

Magnetic gauging device.
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Chlorine and Sulfur Dioxide:

e Two liquid eduction lines along the centerline of
the tank with the eduction valves pointing
towards the ends of the car.

e Two vapor eduction lines with the eduction
valves pointing to the sides of the car. Tank cars
equipped with the enhanced fitting package (see
page. 87) may be equipped with one instead of
two vapor eduction lines.

e Combination PRD (breaking pin or rupture disc
beneath a pressure relief valve).

e No gauging device, sample line, or thermometer
well.

Carbon Dioxide and Nitrous Oxide:

e One liquid eduction line with an eduction valve
and one vapor eduction line with an eduction
valve along the centerline of the tank with the
valves pointing towards opposite ends of the
car. Typically, these eduction valves will be

identified on a plate inside the protective
housing or by the letters L (for liquid) and V (for
vapor) applied to the interior wall of the
protective housing.

e Two pressure regulating valves.

e Pressure relief valve.

o Safety vent/rupture disc device.

e Two or more fixed-length, telltale outage

gauges.

¢ Thermometer well.

Note: Regulations require that the final discharge of the
regulating valves, PRV, and rupture disc must be piped to
the outside of the protective housing and identified by
stenciling “REGULATING VALVES VENTING NORMAL”,
“‘RELIEF VALVE”, “REGULATING VALVES”, and/or
‘RUPTURE DISC”, as appropriate, over or under the
discharge pipes from the respective devices. Under no
circumstances should these discharge pipes be plugged or
otherwise blocked.
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DOT/TC-112J340W Tank Car for Liquefied Petroleum Gas
and Anhydrous Ammonia Service

33,500 GALLON CAPACITY - NON-INSULATED -
THERMAL PROTECTED

DOT-112J340W

For Liquefied Petroleum Gas & Anhydrous Ammonia Service

CAPACITY & WEIGHTS

Nominal Capacity @ 58.28% Filling Density - 33,500 gals.

Estimated Light Weight — 89,500 Ibs.

Rail Load Limit (100 Ton Trucks) (5'-10" Wheel Base) — 263,000 Ibs.
Y MAXIMUM DENSITY

Truck Cpty. | Wheel Base Commodity Density

100 Ton 510" 58.28% Max Fill Density

0.65" Thick Thermal Gay Device, Safety Valve, 3/4" Thermometer Well,
(Ceramic Fiber) Protection 3-2‘¢\’!‘|&|\u A e Tube 'Angle Valve !
12" Jacket Head
1 —— N (| | 1l
s 1 ) )
‘Tank HDS 1 | Il ]
143 2
Center Line Top of Grating
of Angle Valve
L T T T T ¥ .
S
& —
B2 Truck Centers
3" r Strikers -61/2*
651" Coupled Length. {7 owerom

Over Grabs

© Copyright, General American Transportation Corporation; reprinted with permission.

Note: Nomenclature used in the illustrations may not always be consistent with that used in the text of the field guide.
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Loading and Unloading Arrangement for Liquefied
Petroleum Gas and Anhydrous Ammonia Service

Part No. Description
62 Bonnet Cover Handle

255 Safety Valve Assembly
275(A) 1/4" Check Valve
275(B) 3* Check Valve
280(A) | 2°Angle Valve
280(B) 1/4" Angle Valve

296 Thermometer Well

318 | Gauging Device Assembly
335(A) | Manway Bonnet Cover
335(B) | Manway Bonnet Side Cover

336 Manway Bonnet

339 Manway Cover Plate

340 Vent Cover

351 Manway Nozzle

361 Hinge

32 Seal Pin

450 Pipe Bracket

453 | Pipe Guide
454(A) | Discharge Pipe
454(B) | Test/Sample Pipe

LOADING AND UNLOADING ARRANGEMENT
FOR LIQUEFIED PETROLEUM GASES AND
ANHYDROUS AMMONIA CARS WITH
THERMAL INSULATION AND MAGNETIC
FLOAT TYPE GAUGE DEVICE (POST 1979)

© Copyright, General American Transportation Corporation; reprinted with permission.
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DOT/TC-105J500W Tank Car for Chlorine Service

90 TON CAPACITY - INSULATED -
THERMAL PROTECTED
DOT-1058500W

For Chlorine Service

CAPACITY & WEIGHTS
Nominal Capacity @ 125% Filling Density - 90 tons
Estimated Light Weight - 76,700 Ibs.
Rail Load Limit (100 Ton Trucks) -

(510" Wheel Base) - 263,000 Ibs.
COMMODITY MAXIMUM DENSITY
Truck Cpty. | Wheel Base | Non-Coiled Comm. wt/gal.

100Ton | 5-10° 17,200 gal. max.

© Copyright, General American Transportation Corporation; reprinted with permission.

Note: As the tank car is equipped with 2” ceramic fiber, the specification is actually “DOT-105J500W".
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Typical Chlorine Tank Car Fittings Arrangement

Courtesy of The
Chlorine Institute.

D R
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DOT/TC-120J200W for Flammable Liquid Service

INT LINING : STRATHOLINER 7000
APPLIED : 12 - 2016UTLA

Photographs courtesy of UTLX Manufacturing.
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Magnetic Ball Gauging Device
(May also be found on some nonpressure tank cars.)

Courtesy of Salco Products, Inc.
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Pressure Relief Valves That May Be Found on Pressure Tank Cars

“REGO 8890-SERIES” “CROSBY JQ” CHLORINE

Courtesy of Transquip USA. COMBINATION PRV
Courtesy of Salco Marketing, LLC.
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Fittings Arrangement for Carbon Dioxide and Nitrous Oxide Tank Cars

Rupture Disc Pressure
Assembly Relief Valve
Vapor Valve
Regulator
Valves Fixed-length Liquid

Level Outage Tubes

Thermometer Well

Liquid Valve

Tank cars transporting Carbon Dioxide and Nitrous Oxide will be stenciled “REGULATING VALVES
VENTING NORMAL” on each side of the car.

The venting of vapor from the regulator valves is a normal function to reduce internal pressure through
auto-refrigeration. DO NOT attempt to plug the discharge pipes of the pressure relief devices.
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Top Fittings Protection Requirements for
Tank Cars Transporting Materials
Poisonous (Toxic) by Inhalation

(PIH/TIH Materials)

As mentioned in Section 1: Tank Car Classification and
Specifications, the U. S. DOT issued new rules in January
2009 requiring enhanced safety measures for tank cars
transporting PIH/TIH materials.

A tank car built after March 16, 2009, for the
transportation of a PIH/TIH material, must have the
service equipment enclosed within a protective housing
and cover.

In addition, it must be equipped with a top fittings
protection system and nozzle capable of sustaining,
without failure, a rollover accident at a speed of 9 miles
per hour, in which the rolling protective housing strikes
a stationary surface assumed to be flat, level, and rigid.

Failure is deemed to occur when the deformed

protective housing contacts any of the service

equipment, or when the tank retention capability is
compromised.

As an alternative to the above top fittings protection,
the tank may be equipped with a system that prevents the
release of the product from any top fitting in the case of
an accident where any fitting would be sheared off (i.e.,
“Enhanced Fittings Package for PIH/TIH Tank Cars).
See the illustrations on pages 87-89 for examples of these
devices.

Enhanced Fittings Package for

PIH/TIH Tank Cars

A coalition of tank car and valve manufacturers, chemical
producers, and railroads researched tank car design
criteria to improve transportation safety of PIH/TIH
materials, primarily chlorine. This research project was
referred to as the “Next Generation Rail Tank Car
(“NGRTC” or “Next-Gen”) Project”.

In addition to added safety features to the tank car
structure itself, an enhanced fittings package has been
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developed that is designed to prevent the loss of product
should any top fittings be damaged or sheared off in an
accident. Tank car housings may have some form of
marking or labeling indicating that an enhanced fittings
package is installed on the car.

The differs

traditional chlorine fittings arrangements by

enhanced fittings package from

e Equipping the car with one instead of two vapor
lines, in which case the pressure relief valve is
relocated from the center of the pressure plate
to the side where the second vapor line would
have been located.

e Replacing product flow-activated excess flow
valves with spring-loaded check valves that are
closed when the eduction (angle) valves are
closed. When the valve is opened, the valve
stem depresses the check valve, allowing liquid
or vapor to flow through the eduction pipes;

therefore, if an eduction valve is sheared off, the
check valve remains closed, preventing the loss
of product.

e Replacing the combination PRD (rupture
disc/breaking pin assembly below a pressure
relief valve contained in one assembly) with a
spring-loaded pressure relief valve mounted
above a rupture disc assembly that is embedded

Should the PRD be

sheared off, the rupture disc device, being the

in the pressure plate.

primary seal, will retain the product.

Enhanced Design for PIH/TIH Tank Cars

Although the NextGen Project came to completion
the has
implemented, research continues to enhance PIH/TIH

and enhanced fittings package been

tank car design. Currently, a new chlorine tank car design
is operating under a DOT SP-15036 and TC SR-10521.
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This design involves a “tank-within-a-tank” concept The commodity tank has a lower test pressure (300 psig)

(referred to as a “sandwich car design”) wherein the than a typical chlorine tank car. This tank car design
“outer tank” is only anchored to the “inner” commodity operates with the enhanced fittings package described
tank at the nozzle, and the bottom of the commodity above.

tank rests on cradles within the outer tank.

i

Courtesy of UTLX Manufacturing.
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Enhanced Fittings Arrangement for Chlorine Tank Cars with One Vapor Line

Pressure
Relief Valve
Above Rupture

Disc Assembly Liquid Valve

Vapor Valve

Liquid Valve

lllustration courtesy of Midland Manufacturing Company.
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Cutaway View of Enhanced Fittings Arrangement for Chlorine Tank Cars

Pressure
Relief

Valve Vapor Valve

Rupture
Disc

Liquid Valve Spring-Loaded

Check Valve

lllustration courtesy of Midland Manufacturing Company.
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Enhanced Chlorine Fittings

Rupture Disc Assembly Embedded
in the Pressure Plate

10600000
|

Angle Valve with Stem to Open Spring-loaded
the Check Valve Check Valve

lllustrations courtesy of Midland Manufacturing Company.
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SECTION 6: CRYOGENIC LIQUID TANK CARS

Cryogenic liquid tank cars, Class DOT/TC-113 and
Class AAR-204, are vacuum-insulated cars having an
inner container (tank) and outer shell (tank, not a jacket
(although referred to as an “outer jacket” in 49CFR)).
The inner tank is constructed of alloy (stainless) steel and
the outer shell is constructed of carbon steel. Cryogenic
tank cars are designed to transport refrigerated liquefied
gases having a boiling point colder than minus 130°F at
atmospheric pressure; e.g., liquid hydrogen, ethylene,
oxygen, nitrogen, and argon.

The annular space between the inner and outer tanks
has a vacuum drawn and is equipped with an insulation
system using granular perlite or an alternating wrap of
multiple layers of aluminum foil and paper. These tank
cars are frequently referred to as Thermos® bottle tank
cars.

The insulation system (designed for the commodity
being transported and meeting specified performance
standards) and vacuum controls the rate of heat input for
normal transportation time periods.

Note: DOT regulations require the shipper to notify the
Federal Railroad Administration whenever a tank car
containing any flammable cryogenic liquid is not received
by the consignee within 20 days from date of shipment.
Typically, the insulation system will keep the commodity
pressure from activating the PRDs for at least double this
20-day period.

Specification DOT/TC-113A60W tank cars have a
design service temperature of minus 423°F, a minimum

burst pressure of 240 psig, and a tank test pressure of
60 psig.
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Specification DOT/TC-113C120W tank cars have a

design setvice temperature of minus 260°F, a minimum
burst pressure of 300 psig, and a tank test pressure of 120
psig.

Specification AAR-204W tank cars must meet the
specification requirements for Class-113 tank cars, with
some exceptions. The minimum required burst strength
is 240 psig, with a 60 psig tank test pressure.
Specification AAR-204W tank cars are not authorized
for Division 2.1 (flammable gas) materials.

Cryogenic liquid tank cars are required to have two
liquid-level gauges. One gauge measures the liquid level
in the inner tank (this gauge may be a portable gauge that
does not move with the car) and the other gauge, a fixed-
length dip tube set, indicates the maximum allowable
liquid level for the allowable filling density. In addition,
the car must be equipped with a vapor-phase pressure
gauge to indicate the pressure within the inner tank.

The cars must be equipped with various PRDs for
the protection of the tank assembly and piping system.
The discharge of the PRD must be directed away from
operating personnel, the car structure, trucks, and safety
appliances; e.g., steps, handholds/grab irons, and
handrails.

The inner tank must be equipped with at least one
PRV and at least one safety vent (rupture disc device),
which may be replaced by an alternate PRV. The car may
also be equipped with a pressure control device
(regulator valve) and mixing device to control the routine
release of vaporized lading during transportation. Tank
cars in liquid hydrogen service must be equipped with a
device that will instantly ignite any hydrogen that is
discharged through the PRDs. The outer jacket/tank
must be equipped with a system to prevent buildup of
pressure within the annular space.
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The loading/unloading valves and other fittings are
required to be enclosed within a protective housing (not
to be confused with protective housings on pressure tank
The

protective housing(s) is located on both sides, at one end

cars), which appears to be a box or cabinet.

ot, in rare cases, on the top of the car. The housing(s)
must be adequate to protect the fittings from direct solar
radiation, mud, sand, adverse environmental exposure,
and mechanical damage incident to normal operation.

The protective housings for the fittings must be
equipped with precautionary instructions for the safe

operation of the equipment during storage and transfer
operations, and must include a diagram of the tank and
piping system with the various gauges, control valves,
and PRDs clearly identified, and their location indicated.
In addition, all valves and gauges must be clearly
identified with corrosion-resistant nameplates.

In addition to other stenciling, cryogenic liquid tank
cars must be stenciled “DO NOT HUMP OR CUT OFF
WHILE IN MOTION” and “VACUUM JACKETED”
on both sides in lettering at least 1 1/2 inches high.
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Typical Cryogenic Liquid Tank Car (Class DOT/TC-113)

Photo courtesy of Chart Industries.
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Typical Cryogenic Liquid Tank Car Fittings Compartment

ETHYLENE REFRIGERATED LIQUID

Photo courtesy of Chart Industries.
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Cryogenic Liquid Tank Car Fittings Diagram

i
i

LEGEND

1. FILL AND WITHDRAWAL VALVE 11 LLG LIQUID VALVE
2. VENT vaLVE 12, BLEED VALVE
3. PRESSURIZER LIQUID VALVE I3. PRESSURE GAUGE
4. RELIEF VALVE - 25 PSI 4. LIQUID LEVEL GAUGE
s, GAUGE VALVE 1. BURSTING DISC
6. THERMOCOUPLE GAUGE TUBE I6. EVACUATION VALVE
7. LNz FULL TRYCOCK VE I7. PRESSURE BUILDING COIL
8. DRAIN 8. PRESSURIZER VAPOR VALVE
9.LLG VAPOR VALVE 19, RELIEF VE - 100 PSI

10.LLG EQUALIZING VALVE

Photo courtesy of Tony Bacino.
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SECTION 7: GUIDELINES FOR INITIAL EMERGENCY RESPONSE

Accidents involving tank cars must be evaluated and
approached with great care due to the possible presence
of hazardous materials/dangerous goods. Absence of
visible hazard warning labels, markings, or placards is not
a guarantee that commodities involved are harmless.
Careful, thorough evaluation, assessment, and initial
response are critical to any emergency involving tank
cars.

It is possible that an accident involving hazardous
materials/dangerous goods will present such a high
degree of hazard that the only safe course is to evacuate
ALL personnel from the area and allow the incident to
run its own course without intervention.

Initial Notification

If you are the first on scene of a transportation accident,
your first step is to avold endangering yourself and call

for help. Immediately notify local emergency response
personnel and the transportation carrier. After notifying
the local emergency response agency, attempt to obtain
the shipping papers and call the Emergency Response
You should also
contact the railroad directly via its Emergency Telephone
Number
assistance. Numbers for the major carriers are:

telephone number shown thereon.

for emergency response and technical

e BNSF Railway:
e Canadian National Railway

800-832-5452
800-465-9239
800-716-9132
856-231-6400
800-232-0144
877-527-9464
800-453-2530
888-877-7267

e (anadian Pacific Railway

e Conrail

e (CSX Transportation

e Kansas City Southern Railway
e Norfolk Southern Railway

e  Union Pacific Railroad
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e Railway Association of Canada (RAC): 1-647-
206-2896. RAC personnel are available for
emergency response and technical assistance at

railroad incidents involving dangerous goods in
Canada.

AskRail® app

The AskRail® app is a collaborative effort among all
North American Class I railroads, the Association of
American Railroads, and Railinc Corp. The app is a
safety tool that provides first responders immediate
access to accurate, timely data about the commodity a
railcar is carrying. AskRail® is a backup resource if
information from a train crew or train consist is not
available. For security reasons, only qualified emergency
responders can download and use the restricted features
in the AskRail® app. In addition, railroads can offer the
app to known emergency responders along their routes.
Additional be
https:/ /askrail.us.

information  may found at:

Binoculars are recommended to assist responders in
assessing the accident from a safe distance. Provide as
much of the following information as you can when
calling for assistance.

¢  Your name, location, and telephone number.

e Location of incident.

e Type vehicle or container involved.

e Wind direction and approximate speed.

e Presence of injured people.

e Presence of smoke, fire, or fumes.

e DPresence of markings, labels, or placards on
containers or vehicle.

e (Carrier name.

e  Other pertinent information.

After the initial notification is made, isolate the scene
by ensuring all unnecessary personnel are clear of the site.

Make sure your vehicle is far enough away that the hot
exhaust system does not provide a possible ignition
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source. Turn off the vehicle’s ignition. Do not smoke
or use flares, fusees, or open flames near the scene.

Resist the urge to rush into an accident site and
rescue injured personnel until after the commodities are
identified and the nature and severity of the hazard is
assessed.

Initial Assessment

Remain a safe distance upwind from the site. Use
binoculars to survey the site and surrounding area. Make
notes and sketches, as necessary. Pay particular attention
to:

e Location of injured personnel and their

proximity to surrounding hazards.
e Location of potentially threatened personnel.

e Markings, labels, or placards on containers or
vehicles that may aid in identifying commodities
present.

e Number and types of containers or vehicles
involved.

e Visible damage to and/or leakage from
containers or vehicles (gas, vapor, liquid, or

solid).

e Vehicle or container reporting marks (letters)
and number.

e Accessibility to site and possible escape routes.
e Weather conditions.

e Topographical features of the site and
surrounding areas, especially bodies of water.

Report the above information directly to other
When

identifying chemical commodities, copy names and other

response organizations as soon as possible.

information precisely. Even minor spelling errors can
have serious consequences in determining the properties
of materials involved.
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Identifying Materials

Before entering the incident site, identification of the
commodities and containers or vehicles involved is
essential. The shipping paper is the best source for this
information. For rail carriers, this information is typically
contained in a document called a train consist, train list,
or wheel report, which is in the possession of a member
of the train crew. This information may also be available
by contacting the railroad by phone.

The train consist, train list, or wheel report will
identify whether the commodity is hazardous and where
the car is located in the train. In a rail yard, shipping
paper information is available at the yard office.

In the absence of shipping papers, using binoculars
from a safe distance upwind, try to locate any 4-digit
identification numbers on the placards (or orange panels)
applied to the containers or vehicles and/or labels on
packages. This may help determine the presence of

hazardous materials/dangerous goods.

If shipping papers, placards, markings, or labels are
destroyed, the reporting marks and number on the railcar
or intermodal container can often be used to help
identify the commodities present. Railcar reporting
marks are a series of letters (those ending with an X are
privately owned; i.e., not owned by a railroad) followed
by a series of numbers; e.g., BOEX 123456. Intermodal
containers use a similar numbering pattern. Trailers have
numbers, but may not have reporting marks. With this
information, the carrier will be able to determine the

vehicle’s contents.

Attempting to retrieve shipping papers or obtain the
commodity name from the containers should only be
tried if it can be done without undue risk to personnel.
Unidentified spilled commodities should be approached
with caution. Use the maximum level of personal

protective equipment necessary.
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Tank Car Damage Assessment

Tank car damage assessment guidelines presented are
intended only to allow those first on the scene to make
an initial appraisal of railroad tank car tank damage for
purposes of determining what actions should be taken
until expert appraisal assistance is available.

These guidelines may not be appropriate for
assessment of damage to other types of transportation
and storage tanks, such as tank trucks, tank trailers,
portable tanks, and stationary tanks.

Tank cars and other bulk containers involved in
accidents may suffer severe damage without loss of
lading.  This damage may look impressive, even
awesome, yet the car or container may still have sufficient
strength to permit it to be carefully removed from the
accident site for later transfer or unloading of its

contents.

The most serious damage that can occur to tanks and
other containers transporting compressed gases is caused

by bending, denting, scoring, or gouging without
resultant leaks. Time, pressure, and handling can result
in delayed rupture.

Virtually all liquefied gases are shipped in tank cats
with jackets. Tank damage refers to damage to the tank
itself, not to the surrounding jacket. The presence of a
jacket may be determined by looking to see if ripped or
torn metal reveals insulating materials. The jacket may
also be noted by the flashing over the body bolster, flat
spots on the sides or ends of tanks, and lap welds. The
tank is found beneath the jacket. Removing a jacket to
access the tank for damage assessment should only be
done under the supervision of railroad personnel.

Assessment of the tank damage is not a casual matter
and requires the presence of trained specialists. Each
visible dent, score, or gouge must be examined. As
adjacent cars or surrounding materials are removed or as
the tank car itself is moved, newly exposed surfaces must
be examined as well. Dents in combination with scores,
gouges, or cracks and dents which cross a weld seam, are
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the most dangerous and the tighter or smaller the radius
ot curve of the dent, the more dangerous it is.

Dents that run lengthwise on the cylindrical section
of the tank are usually considered to be more dangerous
than large dents in the head. But even large head dents
are dangerous, if they appear in conjunction with a
gouge, score, or crack. Small head dents not exceeding
12 inches in diameter, especially in tightly bent edges,
should be considered marginal and may justify unloading
in place, usually by transferring material to another tank
car or other container on site rather than attempting to
move or rerail it.

Any crack in the base metal of a tank, especially if in
combination with a dent or gouge, justifies unloading the
tank before it is moved, except as may be necessary to
get the valves upright or accessible. Scores or gouges are
especially dangerous if they run lengthwise over a
distance of 7 feet, cross a weld on the tank, and are
greater than 1/16 inch in depth.

To repeat, assessment of tank damage is a skill that
requires training and experience.  Factors include
evaluation of damage to the tank itself, outside air
temperature, material in the tank and its vapor pressure,
and the internal pressure. In the event of a spill and/or
fire, refer to the EVACUATION section of the
applicable Guide(s) (orange page) contained in the

Emergency Response Guidebook.

When fire, especially a torch-like flame, impinges on
a tank, a high-volume hose stream directed at the point
of flame contact may prevent a dangerous heat and
pressure buildup in the tank. Torch fires occur when a
tank has been punctured or the pressure relief valve
functions as well as other sources where flammable gas
is burning out of the opening in a strongly projecting
flame. With this kind of fire, a large standoff distance is
required, and unmanned monitor nozzles provide greater
protection for responders than hand lines.
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Situations where flooding with water may be
inappropriate occur when the water temperature is
higher than the temperature of the material in the tank.
This is often the case during winter months. Additional
factors to consider before attempting to cool a tank with
water include the tank’s construction (may be insulated
and covered with a jacket), the supply of water, possible
environmental damage from contaminated runoff, and
ground saturation, which may prevent heavy equipment
from entering the site to perform wreck clearing
operations.

A water attack is almost never the first thing that
emergency responders should attempt. The guidelines in
this section, especially those relating to the initial
notification, making an initial survey, collecting and
interpreting hazard and response information, and
reviewing the tank damage noted, should be followed
prior to laying, charging, and using hose lines.
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SECTION 8: GLOSSARY OF RAILROAD AND TANK CAR TERMS

AAR — the Association of American Railroads, a trade
association comprised of North American railroads. The
AAR, among other activities, issues specifications and
rules regarding the interchange of railcars between the
various railroads. The AAR’s requirements for tank cars
are contained in the AAR Mannal of Standards and
Recommended Practices (MSRP) C-III, Specification M-
1002.

AAR Specification Tank Car — a tank car built,
altered, or converted in accordance with the tank car
specifications of the Association of American Railroads.

A-end — the end of a railcar, opposite the end equipped
with the hand brake (see B-end.)

Ambient — the temperature and barometric pressure of
the local environment.

B-end — the end of a railcar on which the hand brake is
attached. If both ends of the railcar have a hand brake,
the car will be stenciled “A-END” and “B-END”.
When facing the B-end, the sides of the railcar are
identified as the Right Side and Left Side, respectively.

Body Bolster — the structural members at each end of
a car body that support the car on its truck assemblies.

Bottom Outlet Valve — a valve located in the bottom
of the tank for loading or unloading.

Bottom Washout — a plugged and flanged opening in
the bottom of a tank to facilitate cleaning of a tank car
that does not have a bottom outlet.

Brake Rigging — the assembly of cylinders, levers,
and/or rods under a railcar that provides and transmits
braking action to the wheels.
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Breather Vent — a device having an operating part that
is a permeable disc or a disc having a breather hole or slit.
Breather vents are typically applied to tank cars
transporting hydrogen peroxide to allow vapors created
by the decomposition of the commodity to be vented
from the tank.

Burst Pressure — the value of the inlet static pressure
at which a rupture disc device or breaking-pin device
functions.

Burst Pressure (Tank) — the internal pressure at
which a tank will theoretically burst. For a tank car tank,
the minimum burst pressure is based on the tank’s inside
diameter, welding joint efficiency, minimum tensile
strength of the plate material, and the minimum
thickness of the plate after forming,.

CANUTEC — acronym for the Canadian Transport
CANUTEC is operated by the
Goods of
Transport Canada and provides a national bilingual

Emergency Centre.

Transport of Dangerous Directorate

(English and French)
emergency response advice for incidents involving
dangerous goods. Call collect at 613-996-6666 (24
hours) or *666 cellular (Canada only). Call 613-992-4624
(24 hours) for nonemergency inquiries.

advisory service, including

Capacity/CAPY — the volumetric capacity (stenciled
in gallons and liters) of a tank car’s tank. The capacity
may also be shown in imperial gallons.

Center Sill — the center longitudinal structural member
of a car underframe that forms the backbone of the
underframe and transmits most of the buffering shocks
from one end of the car to the other (also see Stub Sill
Tank Car).

Check Valve — a valve that automatically closes to stop
the flow of liquid or vapor in one direction. A spring-
loaded check valve has its valve maintained in the closed
position by a spring and is opened by the valve above it.
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CHEMTREC® the
Transportation Emergency Center, a 24-hour emergency

Chemical

acronym for

response service that provides assistance in the handling
of incidents involving hazardous materials/dangerous
goods. Call toll free at 800-424-9300 in the U.S. and
Canada (outside calls: collect at 703-527-3887).

C-Kit/Capping Kit — a set of components used to cap
(cover) and contain leakage from a fitting on a tank car.
C-Kits are specifically designed for use on chlorine and
sulfur dioxide tank cars. Tank cars built or altered after
December 1, 2003, and used for the transportation of
Class 2 (gases) or Poison-Inhalation Hazard/Toxic
Inhalation Hazard materials must have a manway cover
(or pressure plate) designed to accommodate capping
kits. This requitement does not apply to tanks cars
transporting carbon dioxide or Class DOT/TC-113 and
Specification AAR-204W cryogenic liquid tank cars.

Clad/Cladding — the bonding of dissimilar metal
sheets to form a composite material. The more

corrosion-resistant metal acts as an interior protective
coating after a tank car tank is fabricated.

Class (Tank Car) — a general designation of tank cars,
usually including several specifications; e.g., Class
DOT/TC-117 or Class AAR-204. The word “Class” is
used if the designation embraces several specifications.

Closure — a device that closes an opening into a tank,
valve or fitting. Examples: pipe plugs, quick-disconnect
caps, blind flanges, manway covers, outlet caps, eduction
pipe caps and fill hole covers.

Combination Pressure Relief Device — a PRD that
incorporates a nonreclosing device (breaking pin or
rupture disc assembly) in conjunction with an outboard
reclosing pressure relief valve.

Commodity/Lading — the product inside a tank cat.

Coupler Vertical Restraint System — see “Double-
Shelf Coupler” definition.
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Cryogenic Liquid Tank Car — a vacuum-insulated
tank car, consisting of an inner alloy (stainless) steel
container (tank) enclosed within an outer carbon shell
(tank, not jacket), designed for the transportation of
refrigerated liquefied gases such as liquid hydrogen,
oxygen, ethylene, nitrogen, and argon. These cars are
built to the specifications contained in Subpart I, Part
179, 49CFR, for Class DOT-113 tank cars; Section 8.6
of TC14877E for Class TC-113 tank cars; and Chapter 3
of the AAR Specifications for Tank Cars for Class AAR-
204 tank cars. Cryogenic liquids are defined by:

e U.S.: 49CFR: “A refrigerated liquefied gas having a
boiling point colder than -130°F (-90°C)
atmospheric pressure”; and

e Canada: TC TP 14877E: “A refrigerated liquefied
gas that is handled or transported at a temperature
equal to or less than -100°C (-148°F)”.

at

DOT the of
Transportation, which is the governmental department

for

acronym Department
that regulates the transportation of hazardous materials
within the United States.

DOT/TC Specification Tank Car — the U. S.
Department of Transportation or Transport Canada
specification to which a tank car was built, altered, or
converted.

Double-Shelf Coupler/Coupler Vertical Restraint
System — a railcar coupler having top and bottom
shelves designed to prevent vertical disengagement of
mating couplers in the event of an excessive speed end-
to-end impact or derailment. Double-shelf couplers are
fully compatible with all other railcar couplers and
required by DOT regulation on all DOT specification
tank cars and any tank car transporting hazardous
matetials/dangerous goods.

Eduction Line — the combination of the eduction
valve and eduction pipe.
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Eduction Pipe — the pipe that runs from the eduction
valve into the tank.

Eduction Valve — a valve used to load or unload liquid
product or to introduce or remove vapor from a tank car
tank.

Excess Flow Valve — a device installed in a liquid,
vapor, or sample line, or a gauging device rod designed
to stop the outward flow of product in the event the
fitting is removed during transportation, such as the
device being sheared off during an accident. When not
in operation, the device allows the flow of liquid or vapor
in two directions. Do not confuse this valve with a check
valve, which is a device that allows the flow of liquid or
vapor in only one direction.

Expansion Dome (Dome) — a cylindrical metal
enclosure located on top of an obsolete nonpressure tank
car tank intended to function as the expansion area for

the lading during transportation. Do not confuse an

expansion dome with protective housing, which is found
on pressure tank cars and some nonpressure tank cars.

Fill Hole — an opening in the manway cover, closed
with a fill-hole cover, through which product may be
loaded or unloaded. Typically found on tank cars in
sulfuric or hydrochloric acid service.

Fitting — a pressure retaining part that is in contact with
the lading and has no operating components, made of
one or more pieces, that joins service equipment to the
tank car tank or joins two pieces of service equipment.

Flange — a disc-shaped device that is part of a nozzle
or fitting (valve, PRD), used to create a bolted
attachment to the tank car. Also, it may be a solid disc
(blind flange) or have a threaded hole for a plug or
secondary valve bolted to the eduction valve to provide
closure.

Gasket — material inserted in the joint between two
mating surfaces to prevent leakage through the joint.
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Gauging Device — a piece of equipment or a device
used to measure the level of liquid or vapor space in a
tank car tank, which may be a fixed gauge bat/outage
scale or T-bar attached to the top of the tank below the
manway nozzle (in nonpressure tank cars), or a magnetic-
ball, fixed-length (telltale) tube, or an electronic device.

Hand Brake — A device mounted on railcars and
locomotives to provide a means for applying brakes
manually without air pressure. Common types include
vertical wheel, horizontal wheel, and lever type, so-
named because of the configuration or orientation of
their operating handles.

Head — one of the ellipsoidal ends of a tank car tank.

Head Shield — A method of providing tank head
puncture-resistance by mounting a metal shield on the
end of a tank car to protect against punctures from the
coupler of another railcar. Head shields may be separate
attachments or may be incorporated into a tank’s jacket.

Heel — common term used for the product or residue
remaining in a tank car tank after it has been unloaded.

Insulation — a material, typically fiberglass or foam,
enclosed within a metal jacket, used to maintain or
the
transportation.

moderate temperature of the lading during

For cryogenic liquid tank cars, in
addition to a vacuum and insulation system, either perlite
or an alternating wrap of multiple layers of aluminum foil
and paper is used. Not all tank cars are insulated. Do

not confuse insulation with thermal protection.

Internal Valve — a type of bottom outlet valve located
inside a tank car tank to prevent damage in the event of
an accident.

Jacket — a metal covering (minimal thickness of 11
gauge) surrounding a tank car tank designed to protect
and secure the insulation and/or thermal protection
systems on a tank car. A jacket is not an outer tank.

Lading — the commodity being transported.
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Light Weight/LT WT — empty weight or tare weight
of a rail car. The light weight is stenciled in pounds and

kilograms on every rail freight car and is abbreviated LT
WT.

Liquid Eduction Line — a pipe, equipped with a valve,
cap, or blind flange closure that extends to the bottom
of a tank car tank for the loading and unloading of the
lading.

Load Limit/LD LMT — the maximum weight of
lading that can be loaded in a railcar. Load limit is
stenciled in pounds and kilograms on every rail freight

car and is abbreviated LD LMT.

Manway — a general term designating the circular-
shaped opening located at the top of a tank car tank to
allow access into the tank’s interior for maintenance,
inspection, and loading or unloading. Depending upon
a tank car’s class or product service, the manway will be
closed with either a hinged and bolted manway cover
(typical for nonpressure tank cars) or a semi-permanently

bolted manway cover or pressure plate, typical for
pressure and cryogenic liquid tank cars.

Nitrogen Blanket/Nitrogen Pad — nitrogen gas
inserted into a tank car tank to provide an inert
atmosphere for a lading that may react with air in order
to protect the lading’s purity or to prevent the entry of
moisture.

Nonpressure Tank Car — a tank car with a tank test
pressure of 60 or 100 psig, built to the specifications
contained in Subpart D, Part 179, Title 49CFR or
Chapter 3, AAR Manual of Standards and Recommended
C-111, M-1002.
Nonpressure tank cars are also referred to as “general

Practices,  Section Specification
service” or “low-pressure” tank cars in the 2076

Emergency Response Guidebook.

Normalized Steel — steel plate that has been heated
and held at elevated temperatures (usually 1600 to
1700°F) by
cooling. Normalization is a kind of heat treatment that

followed still-air  or  forced-air
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relieves stress on steel and improves ductility and
toughness.

Nozzle — a circular or oval-shaped attachment applied
to openings in a tank for the application of a manway
cover (or pressure plate), valves, pressure relief devices,
and other fittings.

Outage — the vacant space left in a tank car tank after
filling

transportation so it will not reach shell-full capacity

to allow for product expansion during

(maximum volume of a tank). Governmental regulations

prescribe minimum outages for hazardous

materials/dangerous goods at specified reference

temperatures. In addition to minimum outage by
volume, tank cars may not be loaded by weight in excess
of their gross weight on rail limit as determined by their

truck capacity. Another term for outage is ullage.

Packing — a general term denoting the various
substances and devices used to prevent leakage of fluids
or gases through openings (valve body and valve stem)

that cannot be closed by ordinary contact of the parts
concerned.

Packing Gland — the portion(s) of a device used to
contain packing on a valve body or other fitting to
prevent leakage.

PIH/TIH (Poison/Toxic Inhalation Hazard) — a gas
or liquid that meets the definition of a “material
poisonous by inhalation” as defined in §171.8, Title 49
CFR (see TIH).

Pressure Plate — on a pressure tank car, the circular-
shaped steel plate closing the manway nozzle to which
the valves, pressure relief device(s), and other fittings are
mounted. Some nonpressure tank cars may be equipped
with a pressure plate assembly in lieu of a hinged and
bolted manway cover.

Pressure Relief Device (PRD) — a fitting that opens
at a predetermined setting to reduce the pressure within
a tank car tank resulting from exposure to abnormal

conditions. PRDs may be reclosing (spring-loaded)
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pressure relief valves, regulating valves, nonreclosing
rupture disc devices/safety vents, or a combination
device (incorporating both a rupture disc/breaking pin
and a reclosing pressure relief valve).

Pressure Relief Valve (PRV) — a reclosing spring-
loaded device, actuated by inlet static pressure, that
relieves excess pressure and recloses after normal
conditions are restored. “Pressure relief valve” has

replaced the term “safety relief valve”.

Pressure Tank Car — a tank car with a tank test
pressure of 100 to 500 psig built to the specifications
contained in Subpart C, Part 179, Title 49CFR.

Protective Housing — on pressure and some
nonpressure tank cars, a heavy, circular steel housing that
surrounds the fittings to protect them in the event of an
accident and from unauthorized access. Nonpressure
tank cars may be equipped with light-gauge steel
to as combination

protective housings (referred

housings, breadboxes, or mailboxes) that provide

weather and tamper protection. Do not confuse with an
(obsolete)
The protective housings for

expansion dome as found on some
nonpressure tank cars.
cryogenic liquid tank cars are boxes or cabinets on the

sides or end of the tank car.

Regulating (Regulator) Valve — a reclosing (spring-
loaded) pressure relief device applied to tank cars
transporting certain refrigerated liquids (e.g., carbon
dioxide and argon) to maintain internal pressure below a
certain point. If the pressure exceeds a specific point, the
valve will open, releasing vapor, which results in auto-
refrigeration, lowering the product’s temperature and
pressure.

Reporting Mark and Number — the alphabetic initial
stenciled (typically 3 or 4 letters ending with an X for
nonrailroad owned cars, followed by 1 to 6 numerals;
e.g., BOEX 2017) on the sides and ends of every freight
car to identify the railroad or private car line that owns
the car. Reporting marks are assigned by the Association
of American Railroads.
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Residue — the amount of commodity remaining in a
tank car after it has been unloaded to the maximum
extent practicable. Also referred to as “the heel”.

Rupture Disc — the operating part of a rupture disc
device/safety vent. When used in combination with a
spring-loaded reclosing pressure relief valve, the device
is called a combination pressure relief device. (Replaces
the term “frangible disc”.

Rupture Disc Device — a nonreclosing pressure relief
device actuated by inlet static pressure and designed to
function by the bursting of a rupture disc. These devices
are also referred to as “safety vents” by DOT and TC.
(see Safety Vent.)

Safety Relief Valve — See Pressure Relief Valve.
Pressure relief valve has replaced the term safety relief
valve.

Safety Systems — thermal protection, insulation, tank
head puncture-resistance, coupler vertical-restraint and

systems used to protect discontinuities and service
equipment; e.g., skid protection and protective housings.

Safety Vent — a nonreclosing pressure relief device
utilizing a rupture disc. The term is synonymous with
“rupture disc device” (AAR) and is a term used by DOT
and TC. (See Rupture Disc Device.)

Sample Line — a pipe (typically 1/4 inch in diameter),
equipped with a control valve that extends to near the
bottom of a tank car tank for drawing a sample of the

lading.

Shell — the cylindrical section of a tank car tank, without
heads. Do not confuse with jacket. (See Tank Car and
Head.)

Service Equipment — equipment used for filling,
sampling, emptying, venting, vacuum relief, pressure
relief, heating (if internal to the tank), lading temperature
measurement, or measuring the amount of lading within
the tank. Commonly referred to as valves and fittings.
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SETIQ — acronym for the Mexican Emergency
Transportation System for the Chemical Industry, a
service of the National Association of Chemical
Industries (ANIQ). Responders in the Mexican Republic
can call SETIQ (24 hours) 01-800-00-214-00. In Mexico
City and the metropolitan area, call 5559-1588.
Elsewhere call, call +52-55-5559-1588.

Shipping Paper (Hazardous Materials/Dangerous
Goods) — a shipping order, bill of lading, manifest,
waybill, or other shipping document serving a similar
purpose and containing the information required by
governmental regulations.

Skid Protection — a device attached to the bottom of
a tank car to protect the bottom outlet, washout and/or
sump (referred to as bottom discontinuities) from
damage in the event of a derailment.

Specification — the specific designation within a tank
car class; e.g., DOT-111A100W2.

STC Code or STCC — abbreviation for Standard
Transportation Commodity Code, which is a 7-digit
freight description coding system used by the North
For
materials/dangerous goods, the STCC is referred to as
the Hazmat Code, and begins with 49 or 48 for
hazardous wastes. The Hazmat Code may be found on

American  railroad  industry. hazardous

shipping papers and may be used to access computer-
based emergency response information.

Stenciling — a term used to describe all forms of
lettering on cars regardless of the actual method of
application. Specific information that is required to be
marked on the exterior surface of a tank car.

Stub Sill Tank Car — a tank car design with draft sills
at each end of the tank instead of a continuous center sill
that utilizes the tank as part of the car structure. (Also
see Center Sill.)

Stuffing Box — the portion of a top-operated bottom
outlet valve assembly through which the valve operating
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rod passes to the exterior of the tank. The stuffing box
contains packing that, when compressed by the packing
gland nut, forms a seal around the rod to prevent leakage
and keeps the rod from vibrating. The stuffing box
cover, when removed and inverted, is used as a wrench
to open and close the internal valve.

Sump or Siphon Bowl — a small depression located
near the longitudinal center of a tank bottom where the
liquid eduction line extends, thereby allowing the
maximum amount of product to be removed from the
tank.

Surge Pressure Reduction Device — a device
designed to reduce the internal surge pressures of the
pressure relief devices. These devices are primarily used
on tank cars equipped with nonreclosing pressure relief
devices (safety vents) and are intended to reduce pressure
surges that can cause the rupture disc to fail.

Tank Car/Tank Car Tank — a railcar that has a tank
for its body for transporting liquids, solids, and liquefied

gases, consisting of a shell and heads together with
connections welded directly to it. In accordance with
AAR specifications, “tank” means “tank car tank”. The
head of a tank is one of the end closures. Tank cars may
be pressure or nonpressure and are often equipped with
special equipment to enhance their usefulness for
handling specific commodities. For pressure class tank
cars, the tank includes the manway nozzle as well. Note:
Tanker or tanker car are inappropriate terms to describe
a tank car.

Tank Test Pressure — the pressure (psig) at which a
tank car tank is to be hydrostatically tested at the time of
construction. Depending upon the specification, the
tank test pressure varies from 20 percent to 40 percent
of the minimum burst pressure. Tank test pressure is

also known as service pressure.

TC or Transport Canada — the governmental agency

that regulates the transportation of dangerous goods in
Canada.
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Thermal Protection — a material or system applied to
tank car tanks to limit the transfer of heat to the tank in
the event of exposure to pool or torch fires. It is
intended to reduce the likelihood of tank failure under
such conditions. Thermal protection is not the same as
insulation, which is intended to maintain or moderate
lading temperature under ambient conditions. Per
49CFR, a thermal protection system must have sufficient
thermal resistance so there will be no release of any
lading within a tank car, except through the pressure
relief device, when subjected to:

e A pool fire for 100 minutes; and/of,
o A torch fire for 30 minutes.

Thermometer Well — a small diameter pipe, usually
3/4 inch, filled with an antifreeze solution or oil that
extends into the tank and is closed at the top with a
removable cap. The temperature of the lading transfers
to the liquid in the pipe. A thermometer or probe is
lowered into the pipe to obtain the lading’s temperature.

TIH/PIH (Toxic/Poison Inhalation Hazard) — a gas
or liquid that meets the definition of a “material
poisonous by inhalation” as defined in §171.8, Title 49
CFR (see PIH).

Train Consist — for purposes here, a document (also
referred to as a Train List or Wheel Report) that
sequentially lists the location of each railcar in a train. A
consist may also serve as the shipping paper for a railcar
containing hazardous materials/dangerous  goods,
provided it contains all of the information required by

governmental regulations.

Truck — the assembly of wheels, axles, roller bearings,
springs, side bearings, side frames, and bolster that
supports each end of a railcar and enables it to move on
the rails.

Type (Tank Car) — for tank cars, designates the
approving authority (DOT, TC, or AAR). Preferred
usage is, for example, “DOT tank cars”.
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Vacuum Relief Valve — a spring-loaded valve
mounted at the top of some nonpressute tank cars,
designed to open and allow air into the tank if an
excessive vacuum is formed that may cause the tank to
collapse. A vacuum relief valve should not be depressed
to determine if there is pressure in the tank. Doing so
may dislodge the sealing component causing the device
to leak vapor or liquid.

Valves — A device attached to a tank car tank designed
to control the flow of lading into and out of the tank.
Purposes include, but are not limited to: measure fluid
pressure and temperature, sample fluids in the tank,
detect or determine liquid levels, or relieve over-

pressures for the purposes of emergency relief or
temperature control.

Vapor Line — a pipe equipped with a valve, cap, or
blind flange closure that extends to the top of the tank
through which vapor is introduced or removed during
loading or unloading. On a nonpressure tank car, this
device is usually called an air line and is used to introduce
compressed air or vapor, or an inert gas to unload the
car.

Vapor Space — the space in a tank above the liquid;
may also be referred to as outage.
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ANNEX A: AAR, U.S. DOT, AND TRANSPORT CANADA SAFETY

ENHANCEMENTS FOR NONPRESSURE TANK CARS

Note: The intent of this Annex is to provide a historical time
line of the various rule changes regarding the transportation
of ethanol and crude oil by tank car.

AAR-INITIATED SAFETY ENHANCEMENTS
FOR NONPRESSURE TANK CARS

Top Fittings Protection for Tank Cars in Sulfuric
Acid Setrvice.

With certain exceptions, nonpressure tank cars
ordered new after June 10, 2010, are required to have
top-fitted service equipment protection. Top fittings
protection is typically met by the installation of a
protective device or structure.

Top Fittings Protection for Tank Cars Used to
Transport Packing Group I and IT Materials.

For protection of top fittings against rollovers and
accidental horizontal loads, all new nonpressure Class
DOT/TC tank cars ordered after July 1, 2010, used to
transport all Packing Group I and Il materials, are
required to have top fitting protection. Currently, there
are no requirements to retrofit existing tank cars (refer to
the following “DOT Regulations for Tank Cars in High-
Hazard Flammable Train Service” regarding tank cars
transporting Class 3 (flammable liquids).
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Tank Cars Built for the Transportation of Class 3
(Flammable Liquids).

In September 2011, the AAR published, via Casualty
Prevention Circular (CPC) 1232, new requirements in
Chapter 2 of the AAR Specifications for Tank Cars for
tank cars built for the transportation of Class 3
(flammable liquids) Packing Group I and 1I, with the
proper shipping names of “Petroleum Crude Oil”,
“Alcohols, n.0.s.”, and “Ethanol and Gasoline Mixture”.

Class-111 tank cars ordered after October 1, 2011,
are required to comply with the following requirements:

1) Top Fittings Protection: Must have top fittings
protection per Appendix E; typically met by
enclosing the fittings within a protective housing.

2) Pressure Relief Devices (PRDs): Must be equipped
with reclosing pressure relief devices.  Upon
approval by DOT’s Pipeline and Hazardous
Materials Administration (PHMSA), a non-reclosing

device can be used where the applicant demonstrates

that a non-reclosing device is required and affords an
equivalent level of safety.

Tank Material:  Heads and shells must be
constructed of normalized TC128 Grade B steel or
normalized ASTM A516-70 steel. Tank heads must
be normalized after forming. The AAR Executive
Director of Tank Car Safety may approve non-
normalization after forming if a facility has
demonstrated that its equipment and controls
provide an equivalent level of safety.

4) Tank Thickness:

3)

e Tanks constructed of normalized TC128 Grade
B steel:

- Non-jacketed tanks must be at least 1/2-
inch thick; and

—  Jacketed tanks must be at least 7/16-inch
thick.
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Tanks constructed of normalized ASTM A516-
70 steel:

- Non-jacketed tanks must be at least 5/8-
inch thick; and

- Jacketed tanks must be at least 1/2-inch
thick.

In all cases, the cars must be equipped with at
least 1/2-inch-thick half-head shields.

Tanks constructed of alloy (stainless) steel
DOT-111¥W6 and DOT 111+0W/7):

- Non-jacketed tanks must have heads and
shells at least 1/2-inch thick and be
equipped with 1/2-inch-thick half-head
shields, and

—  Jacketed tanks must be at least 7/16-inch

thick and equipped with, at a minimum,
1/2-inch- thick jacket heads.

Tank cars built to meet the above requirements are
referred to as “CPC-1232 tank cars”. Tank cars
built prior to the CPC-1232 standards being used to
transport the above commodities are commonly
referred to as “legacy tank cars”.

U.S. DOT REGULATIONS FOR TANK CARS IN
CLASS 3 (FLAMMABLE LIQUID) SERVICE

Tank Cars in “High-Hazard Flammable Train
Service”

On May 8, 2015, the Department of Transportation
established a new tank car specification, “DOT
117A100W” to be utilized for the transportation of all
Class 3 (flammable liquids) (not just Crude Oil and
certain Alcohols (Ethanol), as covered by AAR’s CPC-
1232). The rule also published a phase-out schedule for
the use of existing Class DOT-111 (a/k/a “legacy tank
cars”) and those CPC-1232 tank cars.

121





Excerpted from Title 49CFR:

§171.8: High-hazard flammable train (HHFT): a single
train transporting:

e 20 or mote loaded tank cars of Class 3
(flammable liquids) in a continuous block, or;

e 35 or more loaded tank cars of a Class 3
(flammable liquids) throughout the train consist.

High-hazard flammable unit train (HHFUT): a single
train transporting 70 or more loaded tank cars containing
Class 3 (flammable liquids).

§§173.241(a), 173.242(a), and 173.243(a): Bulk
packaging requirements. DOT-111 tank cars and DOT-
111 tank cars built to the AAR’s CPC-1232 industry
standard are no longer authorized to transport Class 3
(flammable liquids) in high-hazard flammable train
service, unless retrofitted to DOT-117R retrofit
standards, or meet the DOT-117P performance
standards prescribed by §179.202-12.

DOT-111 tank cars and DOT-111 CPC-1232 tank cars
are no longer authorized for use in high-hazard

flammable train service unless retrofitted prior to the
dates shown in the following table:

DOT Phase-Out Dates for DOT-111 and DOT-111
CP-1232 Tank Cars in High-Hazard Flammable
Train Service (May 8, 2015; superseded by FAST Act on
August 15, 2016 — see page 128)

DOT 111 DOT 111 CPC-1232

P(QFES:JNPG NOT AUTHORIZED NOT AUTHORIZED
ON OR AFTER: ON OR AFTER:
January 1, 2018 — April 1, 2020 —

Non-jacketed Non-jacketed

March 1, 2018 - May 1, 2025 -
Jacketed Jacketed
July 1, 2023 -
May 1, 2023 — Non-jacketed
1] Jacketed and Non-
jacketed May 1, 2025 -
Jacketed
1] May 1, 2025 May 1, 2025

§179.202: Specification requirements for DOT-117
tank car tanks:

e DPlate thickness: Minimum 9/16 inch, AAR TC-
128, Grade B normalized steel.
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Tank head puncture resistance: Full-height head
shields at least 1/2-inch thick.

Thermal protection system: Conforming to
§179.18, and include a reclosing pressure relief
device.

Jacket: Minimum 11 gauge of A1011 steel, or
equivalent. Insulation is optional.

Bottom outlet: If equipped, the handle must be
removed prior to train movement, or be
designed with protection safety system(s) to
prevent unintended actuation during accident
scenarios.

Top fittings protection: Top fittings protection
conforming to Appendix E of the AAR
Specifications for Tank Cars.

ECP (Electronically Controlled Pneumatic)
brakes: By January 1, 2021, a high-hazard
flammable unit train having at least one PG I
Class 3 material, and operating in excess of 30
mph, must be equipped with ECP brakes. By
May 1, 2023, other high-hazard flammable unit
trains operating in excess of 30 mph must be

equipped with ECP brakes. Alternative brake
systems may be submitted to the DOT for
approval.

Note: The U. S. Government Accountability Office
(GAO) is facilitating a study to determine the
viability of ECP brakes.

§179.202-13: Retrofit standard requirements for DOT-
117R. Existing DOT-111, including CPC-1232, tanks
may be retrofitted to DOT-117 requirements provided:

Plate thickness:  The wall thickness after
forming of the tank shell and heads must be, at
a minimum, 7/16 inch and constructed with
steel authorized by the DOT regulations at the
time of construction (differs from DOT-117A
specification).

Tank head puncture resistance: Full-height head
shields at least 1/2-inch thick (same as DOT-
117A).

Thermal protection system: Conforming to
§179.18 and include a reclosing pressure relief
device (same as DOT-117A).
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Jacket: Minimum 11 gauge of A1011 steel, or
equivalent (same as DOT-117A). Insulation is
optional. (same as DOT-117A).

Bottom outlet: If equipped, the handle must be
removed prior to train movement, or be
designed with protection safety system(s) to

prevent unintended actuation during accident
scenarios (same as DOT-117A).

Top fittings protection: Existing tank car tanks
may continue to rely on the equipment installed
at the time of manufacture (same as DOT-

117A).

ECP (Electronically Controlled Pneumatic)
brakes: By January 1, 2021, a high-hazard
flammable unit train having at least one PG I
Class 3 material, and operating in excess of 30
mph, must be equipped with ECP brakes. By
May 1, 2023, other high-hazard flammable unit
trains operating in excess of 30 mph. must be
equipped with ECP brakes. Alternative brake
systems may be submitted to the DOT for
approval (same as DOT-117A).

Tank car specification markings:

DOT-117 tank cars are built to the specification
“DOT-117A100W”;  however, as jacketed
thermal protection is required, they will be
stenciled “DOT-117J100W”.

Existing Class-111 and CPC-1232 tank cars that
are retrofitted will be stenciled “DOT-
117R100W”.

Existing Class-111 and CPC-1232 tank cars that
meet the performance standards specified in
§179.202-12  will be stenciled “DOT-
117P100W”.

Note: The DOT-117A100W specification does not
include a numeral following the letter “W” as
prescribed for other Class DOT-111A nonpressure

tank cars (i.e., “17 —

“777).

Transportation of Flammable Liquids by Rail

(excerpted from

“Fixing America’s Surface

Transportation Act”) (a/k/a “FAST Act” — October 1,
2015 — signed into law on December 4, 2015)
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The “FAST Act” revised the May 8, 2015, DOT
rulemaking for Tank Cars in High-Hazard Flammable
Train Service to include all Class 3 (flammable liquids)
materials transported by rail (not just those transported
in a high-hazard flammable train (HHFT) or a high-
hazard flammable unit train (HHFUT)).

§7304: Phase-out of all Tank Cars Used to Transport
Class 3 (Flammable Liquids)

Except as provided in subsection (b), beginning
on 10/1/2015, all DOT-111 specification
railroad tank cars used to transport Class 3
(flammable liquids) shall meet the DOT-117,
DOT-117P, or DOT-117R specifications in
Part 179 of Title 49, CFR, regardless of train
composition.

Phase-out schedule: As of 10/1/2015, certain
tank cars not meeting DOT-117, DOT-117P, or

DOT-117R  specifications may be used
regardless of train composition, until the end-
dates shown in the table to the right:

(Superseded by FAST Act August 15, 2016.)

DOT Phase-Out Dates for Non-DOT-117 Tank Cars
in Class 3 (Flammable Liquids) Service (10/1/2015)

Packing Groups Il and Ill

COMMODITY TANK CAR END-DATE
Class 3 Unrefined Non-jacketed January 1, 2018
Petroleum Products, DOT-111
including Crude Oil Jacketed March 1, 2018

DOT-111
Non-jacketed April 1, 2020
CPC-1232
Jacketed May 1, 2025
CPC-1232
Ethanol Non-jacketed May 1, 2023
and jacketed
DOT-111
Non-jacketed July 1, 2023
CPC-1232
Jacketed May 1, 2025
CPC-1232
Other Class 3 DOT-111 and May 1, 2025
(Flammable Liquids) — CPC-1232
Packing Group |
Other Class 3 DOT-111 and May 1, 2029
(Flammable Liquids) — CPC-1232

125






§7305 Thermal Blankets: DOT-117 and non-jacketed
tank cars modified to meet the DOT-117R specification

must be equipped with an insulating thermal blanket at
least 1/2 inch thick.

§7306:

Minimum Requirements for Top Fittings

Protection for DOT-117 Tank Cars:

(a) Protective Housing - Except as provided in (b) and

©),

top fittings on DOT-117R tank cars shall be

located inside a protective housing not less than 1/2-
inch thick; and

©)

2

3)

Shall be as tall as the tallest valve or fitting
involved and the height of a valve or fitting
within the protective housing must be kept to
the minimum compatible with their operation.

The protective housing or cover may not reduce
the flow capacity of the pressure relief device
below the minimum required.

The protective housing shall provide a means of
drainage with a minimum flow area equivalent
to 6-inch diameter holes.

(4) When connected to the nozzle or fittings cover
plate, and subject to a horizontal force applied
perpendicular to, and uniformly over, the
projected plane of the housing, the tensile
connection strength of the housing shall be
designed to be:

(A) no greater than 70% of the nozzle to tank
tensile connection strength;

(B) no greater than 70% of the cover plate to
nozzle connection strength; and

(C) no less than either 40% of the nozzle to tank
connection strength or the shear strength of
twenty 1/2-inch bolts.

(b) Pressure Relief Devices (PRD):

(1) The PRD shall be located inside the protective
housing, unless space does not permit. If
multiple PRDs are utilized, no more than one
may be located outside of the housing.

(2) The highest point of any PRD located outside
of the housing may not be more than 12 inches
above the tank jacket.
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(3) The highest point on the closure of any unused
PRD nozzle may not be more than 6 inches
above the tank jacket.

Alternative Protection: As an alternative to the
protective housing requirements, a tank car may be
equipped with a system that prevents the release of
product from any  top fitting in the case of an
incident where the top fitting would be sheared off.

“Fast Act” Requirements for Flammable Liquids
and Rail Tank Cars

On August 10, 2016, the Department of Transportation
issued Final Rule HM-251C to codify certain mandates
and minimum requirements of the “FAST Act” into
Title 49CFR.  The table on the following page
summarizes the DOT phase-out of non-DOT 117 tank
cars in Class 3 (flammable liquids) service:

In addition, 49CFR, Part 179, Specifications for Tank
Cars, was revised to include the “FAST Act”
requirements applicable to DOT Specification 117A,
117P and 117R tank cats.
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DOT Phase-Out Dates for Non-DOT-117 Tank Cars in Class 3 (Flammable Liquids) (as of 08/15/2016)

Jacketed or Non-jacketed

DOT-111 not authorized

DOT-111 CPC-1232 not

Material Tank Cars on or after: authorized on or after:
Unrefined petroleum products — Class 3, Non-jacketed January 1, 2018 April 1, 2020
PG 1 (e.g., Crude O) Jacketed March 1, 2018 May 1, 2025
Class 3, PG | (flammable liquid), other Non-jacketed May 1, 2025 May 1, 2025
than unrefined petroleum products Jacketed May 1, 2025 May 1, 2025
Unrefined petroleum product — Class 3, Non-jacketed January 1, 2018 April 1, 2020
PG Il or PG Il (flammable liquid) Jacketed March 1, 2018 May 1, 2025
Ethanol Non-jacketed May 1, 2023 July 1, 2023
Jacketed May 1, 2023 May 1, 2025
Class 3, PG Il or PG Il (flammable Non-jacketed May 1, 2029 May 1, 2029
liquid) other than unrefined petroleum
products or ethanol (see above) Jacketed May 1, 2029 May 1, 2029
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TRANSPORT CANADA REGULATIONS FOR
TANK CARS

Transport Canada Protective Direction No. 34

Issued April 23, 2014, Protective Direction (PD) No.
34 required owners to identify and report to Transport
Canada each CTC (Canadian Transport Commission)
111, DOT 111 and AAR 211 stub sill tank cars with
certain construction characteristics (non-normalized
ASTM A515 Grade 70 steel shell material; not having
exterior heater coils; and, not having bottom-shell
continuous reinforcement).

Subject tank cars

DO NOT LOAD WITH
cannot be offered for

DANGEROUS GOODS IN

transport or  trans- CANADA
ported in Canada. In NE PAS CHARGER
addition, these tank DE MERCHANDISES

cars are required to be | DANGEREUSES AU CANADA

marked “Do not load

with dangerous goods in Canada/Ne pas charger de
merchandises dangereuses au Canada”, or similar words
to that effect. On May 2, 2014, AAR issued CPC-1281

requiring such marking to be placed on both sides of the
tank car adjacent to the car number on a stencil or decal
measuring approximately 10 1/2 by 20 1/2 inches (see
sample to the lower left).

TC-117 Tank Cars for Flammable Liquids

On May 1, 2015, the Transportation of Dangerous
Goods (TDG) Regulations were amended to incorporate
a TC-117 tank car specification for the transport of
flammable liquids. The TC-117 specification, including
TC-117P and TC-117R, is equivalent to DOT-117,
DOT-117P, and DOT-117R tank cars; however, all TC-
117 tank cars are not required to be equipped with ECP
(Electronically Controlled Pneumatic) brakes.

As of October 1, 2015, TC-117 tank cars are the only
nonpressure tank cars permitted to be built for
flammable liquid service. TC/DOT-111 tank cars
manufactured before October 1, 2015, (including CPC-
1232 tank cars) may be retrofitted for continued use for
the transport of flammable liquids. Such tank cars will
be designated as TC-117R. Per Transport Canada
Protective Order 37, issued June 6, 2016, the retrofit
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requirements, including application of a protective
housing around the service equipment mounted on the
manway cover plate, are the same as the retrofit
requirements for DOT-117R tank cars under the United
States” “FAST Act”.

Transport Canada has published a phase-out schedule
for tank cars transporting flammable liquids:

Transport Canada Protective Direction No. 38

On July 13, 2016, Protective Direction 38 was issued
to accelerate the phase-out of jacketed and non-jacketed
“legacy” (non-CPC-1232) DOT-111 tank cars from
being used to transport Crude Oil in Canada as of
November 1, 2016. Prior to PD 38, the cut-off dates for
Crude Oil were May 1, 2017, for DOT-111 non-jacketed
tank cars and March 1, 2018 for jacketed tank cars.

Transport Canada Phase-Out Schedule for Tank Cars Transporting Class 3 (Flammable Liquids)

Cut-off Date Flammable Liquid/Packing Group

TC/DOT-111 removed from service

November 1, 2016 Crude Oil, PG I, II, and I

Non-CPC-1232, non-jacketed “Legacy tank cars”

November 1, 2016 Crude Oil, PG I, II, and I

Non-CPC-1232, jacketed “Legacy tank cars”

April 1, 2020 Crude Oil, PG I, II, and I CPC-1232, non-jacketed

May 1, 2023 Ethanol, PG Il Non-CPC-1232, non-jacketed; non-CPC-1232, jacketed
July 1, 2023 Ethanol, PG Il CPC-1232, non-jacketed

May 1, 2025 Crude Oil and Ethanol, PG I, I, and IlI CPC-1232, jacketed*

May 1, 2025 All other flammable Liquids, PG I, Il and IlI Non-CPC, non-jacketed; non-CPC, jacketed,;

CPC-1232, non-jacketed; CPC-1232, jacketed*

*Most jacketed CPC-1232 tank cars will meet the requirements of TC-117R, with minor changes, if any.
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ABSTRACT

This project presents the study of the safe pram=dof LNG

loading and unloading operation in port. The puepas$ this

study is to maintain the safety record of LNG ofierafor this

roughly forty years. The study is carried out byfpening ‘one

to one interview with the port's safety officer.h&n, the
collected data from the personal interview is anedy using
Hazard Identification (HAZID) approach. The detaibcedures,
technical data, and explanation from port's sagtyan expertise
in LNG handling field could be needed to deterntime potential
improvement that could trigger the idea to devetogeneric
safety model which is refined and improved of thestent

holistic model that being reviewed in this studyheTmodel

developed in this study is to be applied onto eitflbading or

unloading LNG terminal all over the world. This nebdis

expected to meet the aim of minimizing the unsateaad near
miss which is always be the initiation point of iméul incident

and accident. Model which has been developed isngnoved

and refined version of a generic safety model. Thedel

developed describes the integration of technologiéthin the

system of working competency which also reconsidperihe

individual performance. In the same time, it ailededuce the
probabilities of the crews or operators to engagh wnsafe act
which always introduce the consequence of near, misieh is to

be minimized in this research. The model develdpetiis study
is called ‘H-T-D’ safety model, which stand for ham factor,

technical handling, and design element.

KEY WORDS: LNG Loading and Unloading Operation;
Safety Socio-Technical Model; Human; Technical Operation;
Facilities Design.

1.0 INTRODUCTION

LNG is liquefied natural gas (predominantly metha@i4),
produced from liquefaction of natural gas. It isagity clear,
odorless, colorless, nontoxic, non-corrosive, aazbhdous.

1.1 Background of study

LNG is liquefied natural gas (predominantly metha@i4),
produced from liquefaction of natural gas. It isagity clear,
odorless, colorless, nontoxic, non-corrosive, aadahdous. It is
comprises mainly methane, but has a percentagersttituents
such as ethane, butane, and propane together itritigen. It is
produced from either gas wells or oil wells thatvénabeen
converted temporarily to liquid form for ease obrsige and
transport.

Natural gas is cooled and liquefied at cryogenmperatures at
approximately -162°C and at close to atmospheriesqire,
25kPa. In this form, the LNG is ready for storagd ahipping. In
liquefied form, the volume of LNG is 600 times le$gn the
same amount of natural gas at room temperatures.

Thus, LNG shipping is an economical way of transpgrlarge
quantities of natural gas over long distances. IN& can be
transported by specially designed cryogenic seaelescalled
LNG carriers, cryogenic road tankers. The flamnigbitange
denotes the range of concentrations of LNG vapoaiinthat
forms a flammable mixture that can be ignited andnb For
methane, the dominant component of LNG vapor,
flammability range is approximately between 5 aBdogrcent by
volume. When the vapor concentration exceeds tlppeu
flammability limit, it cannot burn because too léttoxygen is
present and when concentration is below the loveenrhability
limit, it cannot burn because too little methanepiesent. Its
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dangers include combustibility, the freezing of itswer
temperatures, and asphyxia from its vapors.

Purposes of this study is to study the major patarsef LNG
ship safe loading and unloading in port operati®foflow;-

i Technical handling and operation of loading,
transferring, exporting, and unloading operation of
LNG

ii. Chronology of accidents that included in LNG
operation

iii. Safety rules and regulations in LNG terminal, LNG
tanker, and its facilities

iv. Review the failures experienced by LNG industries (
import and export terminal, and LNG carrier )

V. Factors that contribute to LNG accidents

Vi. General consequences or impacts of LNG accidents

1.2 Problem Statement

The LNG's industry highest priority has always besafiety and
security, which is reflected in the industry’s eahle safety
record. LNG transport and operation of LNG faaiitihave had
over 60 years of development. During these timesosi all
accidents involving LNG resulting in explosion, éoement and
leakage of LNG vapors have had a large impact tdsvar
environment, human life, and LNG facility.

The possibility of an incident leading to the tofaks of
containment involving an LNG tanker or a large LX&minal
must be considered in coexistence with the poteméizards such
event pose and their impact on human’s health, litigta
greenhouse gas effect, land and sea effect, and flalilties of
industry.

From an overview, we can figure out roughly mamtdes that
leading to failures of LNG loading and unloading port
operation, on top of them such as LNG facilitiesige selection,
lacking in technical operation of LNG, human erraasd ceey,
competency

1.3 Objectives of Study

The objectives of this is to generate a genericehgeneral) of
LNG ship safe loading and unloading in port operatand to
identify high risk areas in LNG facilities ( LNG igshand LNG
terminal ) during loading and unloading operation.

1.4 Scopes of Study
Scope of this study will be focused on proposirggaeral model
of LNG loading and unloading operation for minimigithe risks
and act as an alarming steps. For that, reseamshlestudy
deeply about the main parameters that need to lkélyhi
considered during LNG loading and unloading in papération
that consists;
i Technical handling during LNG operation
ii. Safety guide and regulation of LNG industry
iii. Specially and well-trained of LNG terminal staffsda
LNG crews

Investigation of factors of LNG accidents will beoe one of
main scopes in this study.

Hence, researcher will identify high risk areas LN@ing and
unloading operation. Resulting from LNG incidentssearcher
will estimate the high probability consequences aais
environment, human life, and LNG industry.

At the end of that, as a result of study, researelile propose

solving method (generic model) to overcome and miing the
risks during LNG loading and unloading operationaacted.

2.0 LITERATURE REVIEW

The production of Liquefied Natural Gas (LNG) hasreased
due to the increasing worldwide demand for that {ennis
Wilfredo et al,July 2012).

2.1 Introduction

The production of Liquified Natural Gas (LNG) hasrieased due
to the increasing worldwide demand for that fuele(bis
Wilfredo et al,July 2012). That demand implieshie hecessity of
transportation of large amount of the product betwehe
production areas and the consumer countries, implyn the
increase in the operations with LNG carriers.

Although the safety standards for design, constmcend
operation of this kind of ship are very stringehgre are registers
about minor accidents with those ships. The prdiabof
accidents is greater during cargo loading and wihog
operations due to the great number of systems @k of
equipment involved in those operations.

2.1.1 Properties of Liquefied Natural Gas (LNG)

The LNG is a cryogenic fluid that is transported stored at
temperatures as low as -162°C. The main comporfebNG is
methane in a quantity between 85% and 95% but dtgbt
hydrocarbons are present in LNG such as ethanpapey butane
and nitrogen. The LNG is about 1/600th the volufeadural gas
at standard temperature and pressure making feastsl
transportation in LNG carriers (Sheila Goucher,301

2.1.2 Type of LNG Carriers

There are two types of LNG tanker that mostly used NG

industries, which is known as spherical type andnbrane type.
The difference between them is their shape of ¢omtent
system.

a. Moss / Spherical type

Based on the “Risk Assessment Survey” by K.S.Wan@dtober
2010, almost 40 percent the LNG carriers in theldvare of the
spherical type.

Figure 1: Moss or spherical LNG carrier

Roughly, the life span of this type are about 48ryeor more,
and its range of tank sizes are about 125,000 p3o 145,000
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m3 (Sheila Goucher, 2013). To construct this tyfeLNG
carrier, its construction is about 2 years up t® Years from
signing of contractor.

b. Membrane type

Usually, standard sizes for this type are aboutd@®5m3 up to
150,000 m3. Almost 60 percent the LNG carrierhmworld are
of this membrane type (K.S Wang, October 2010).

Figure 3: Membrane type LNG containment system

As for the membrane design, there are multiple iérar
between the external environment and the LNG cafge. dual
membrane design consists of thin stainless stedlighr nickel
steel membranes 0.7 to 1.2mm thick which are capatbl
containing the hydrostatic load of 25,000m3 of LK@ rely on
the vessel to provide the structural support (Rdblet al, 2004).
The tanks are maintained at very low positive pressand the
boil-off gas is collected and provides the shipwer. Internal
pumps are used to export the LNG

2.1.3 Comparison between Moss and Membrane contairent

system

Both of them have their own advantages and disddges,
which is including aspects such as capacity, tailing
restriction, design of internal structure and camgton cost.

Table 1: Comparison between Moss and Membrane icomeat
system

Moss Membrane design

design

Long experience from LNG Long experience from LNG carrigr
carriel

Not affected by sloshing Affected by sloshing

No filling restriction Have filling restriction

No internal stiffenel Have internal stiffene

Smaller loading capacity Bigger loading capacity

Longer time in dry doc Shorter time in dry doc

Higher construction cost Primary membrane is tal hol
cargos and secondary membraneg

to prevent leakac

S

2.2 LNG Loading and Unloading in Port Operation

LNG loading and unloading in port operation is venportant in
order to collect, transport and deliver, and stobNG before
distributing it to end-use market.

2.2.1 LNG supply chain

In earliest stage, the LNGC will loading the gasnirthe supply
well then deliver it to the processing LNG terminghere, they
will processes and liquefy the gas into LNG, thteniil be stored
in LNG storage tanks. After that, the LNG will beatled into
another LNGC to transport and unloading it at régagion LNG
terminal for the purposes of end-use market.

B s |

Figure 5: LNG supply chain from production untiketlend-user
(Sheila Goucher, July 2013)

2.2.1.1 Processing and Liquefaction LNG Terminal

At this terminal, they will processes and liquefipplied Gasified
Natural Gas (GNG) to Liquefied Natural Gas (LNGheh, LNG
will be stored in LNG storage tanks for loadingointNG

carriers. LNG is stored and will be transportedUNG carrier,
which its temperature maintained at -162°C.
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Figure 6: Canaport Liquefabtiz)
Goucher, 2013)

n LNG terminal, Camg8heila

2.2.2.2 Receiving and Regasification LNG terminal

Once the LNG carrier arrive its destination, theG.Nvill be
unloaded and stored in insulated tanks built sfigd@hold their
super cold temperatures. When there is demand,Nigwill be
heated to turn it back into gas in ratio 1:600 (\Wibrter, 2007).
It is supplied to various need such as steel niiltistries, power
stations, and homes.

Figure 7: Canaport Receiving / Import Terminal, &da

2.2.3 LNG Loading and Unloading Process at LNG Terinal
The loading and unloading operations are developkdn the
LNG carrier is anchored at the liquefaction or msfieation
terminal and when there are environmental conditisnch as
calm water and low wind speed to have a low rislelleLNG
loading and unloading process are as in figurevbedspectively.

2.3 Risks Study of LNG Loading and Unloading Operabn
Based on “Risk-Based Analysis of LNG Loading anddadding
Operation” by Gilberto Francisco’'s study in July 120 the
implication of LNG incidents will be resulting orhree main
areas as follow;

Environmental concerns
a) Greenhouse gas effect
b) Land and sea effect

Human life
a) Health status of community
b) Fatality

LNG industry
a) LNG carrier and its facilities
b) LNG terminal and its its facilities

2.3.1 Consequences of LNG leakage or exposure

Immediately following an LNG release, there is gotential for a
range of different outcomes and types of conseggnc
depending on the direct receiving environment drediiehaviour
of the LNG.

Cryogenic damage

a) If there is direct contact with cryogenic liquidLNG ), it
may cause sores on the skin

b) Steam inhalation of LNG for prolonged periods cause
lung damage as mentioned by Natacci et al ( 2010 )

Pool fires

a) If LNG spills occur near ignition source, a mix tfe
evaporating gas and air will burn above the LNG Ipoo
(Luketa-Hanlin,2006)

b) As the pool of liquid begins to evaporate, the mmigt of
LNG vapour and air above the pool will burn wheniigd,
when the concentration of natural gas vapour ifiwithe
flammable range. The evaporating pool of LNG carggto
provide fuel to the fire.

¢) Such pool fires are intense and burn far more hapin oil
and gasoline fires. Due to high temperatures, therm
radiation from pool fire may injure unprotected pkoand
damage property (IMO: Annex 1,Risk Analysis of LNG
tankers, July 2007)

Asphyxiation

a) Released LNG could be an asphyxiant for ship’s ¢crew
nearby passengers, bunker boat crew, emergencgnssp
crew, and others in the vicinity if the gas reaches
concentrations where it replaces enough air thatetlis a
deficiency of oxygen

b) Hightower et al ( 2004 ), in their study of largBlG spills,
note that this is considered to be less of a contean
potential fire.

Vapor cloud fire

a) This occurs if there is delayed ignition of the eap cloud
after release. A vapour cloud within the flammaldage
(5% to 15% natural gas) comes into contact withgaition
source away from the initial source of releaseyltesy in a
fire.

b) An ignited vapour cloud can burn back to the souste
release, either as a “fire ball” if the vapour ixed with air
in a way that the fuel can rapidly be consumedasra
slower burn, referred to as a “flash fire” (Lukétanlin,
2006)

c) These fires generate relatively low pressures hod there
is a low potential for pressure damages.

Explosion

a) LNG inits liquid state is not explosive (IMO : Hitpwer et
al. 2004)

b) Certain conditions may, however, result in damaging
overpressure from a vapour cloud fire. These irelodving
a confined fuel-air cloud in spaces such as a sHipll or
tank, which may occur in some scenarios (Hightoeteal.,
2004).
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c) Detonation is noted to be possible where there tiga
degree of confinement, strong mixing with air, dadge
ignition sources (Luketa-Hanlin, 2006).

d) Confinement can be provided by buildings in terrera,
areas congested with equipment and structures,dimg
ship’s deckABS (2004)

Rapid Phase Transition (RPT)

a) This phenomenon can occur when the very cold LN@e
into contact with water, which is much warmer. Egive
boiling results as the liquid transitions quicklyta a gas,
and shock waves and overpressure can result, sitoilan
explosion.

b) RPT is considered a physical or mechanical expangith a
high pressure energy release (Luketa-Hanlin, 2006).

c) Experimental studies described in a review by Lakéanlin
(2006), found that when RPTs were produced durhmy t
spills, most occurred early and were generally tedtanear
the spill point.

Pollution

a) LNG spills will cause minimal pollution or damage the
marine environment due to contact with cold liquid
possible damages from a possible fire (Will Hoz@09)

b) LNG produces 140% more greenhouse gases than regula

natural gases (Paulina Jaramillo, 2007)

2.3.2 Causes of LNG incidents

From review of previous major LNG accidents, we categorize
the factors into three main areas which need tedmsidered to
minimize the risks during LNG loading and unloadimgeration
as below;

Design selection
a) LNG carrier and their facilities
b) LNG terminal and their facilities

Human error
a) Overwork / fatigue
b) Poor skilled and experienced

Operational
a) Less maintenance
b) Poor technical handling

2.3.3 Chronology of LNG incidents

Based on Formal Safety Assessment (FSA) by IMOO@i72 the
sequences of LNG incidents were recorded, assdcwité their
consequences and main causes.

Table 2.2: Historical record of LNG accidents of GNndustry
by IMO in 2007

Incident's year Name of vessel or | Status Consequence | Comment
terminal place
1979 Mostafa ben Unloading LNG released | Check valve failed when
Boulaid and causing | unloading
fractures of
deck plating
1985 Isabella Unloading Severe LNG spilled on deck due to
cracking of a cargo tank overflow
steelwork because cargo valve failure
during unloading
2002 Mostafa Ben Unloading Cracked deck | Thought to be human error
Boulaid due to as the alarm that should
spillage alert the personnal had
been isolated
1944 Cleveland,Ohio, Construction 128 killed and | A LNG storage tank
us failure 225 injured | failed,releasing LNG
Damage from the pool fire
itself around the storage
tank
1989 Thurley,UK Human error and | 2 workers One of the natural gas
technical received drain valve was left open.
malfunction burns of their | LNG was released into the
hands and air as a high pressure jet
faces
2004 Skikda,Algeria Explosion and fire | 27 killed, 5 At LNG liquefaction plant,
injured,and | the leaking LNG into a
damage to boiler fan, boiler exploded
facilities and causing a huge
explosion

2.4 Steps to Overcome Incidents / Failures during NG

Operation

Safety is an important issue for LNG facility, amdmerous
safety regulations exist in order to ensure the LBlEs and
LNG terminals are safe. LNG carriers need to compith a
number of different rules that are common to alpdiypes, as
well as a set of regulations particularly develoged ships
carrying liquefied gas. In the following, a briefeyview of the
most important safety regulations applicable to LN&ssels,
LNG terminal and their crew will be given.

2.4.1General LNG safeguards
Safety and security features for LNG relate to thkowing
elements (IMO code 2007).

i Primary containment

ii. Secondary containment

iii. Safeguard system

iv. Training requirement of LNG crews

3.0 METHODOLOGY

3.1 Research Process
The process of this study is created to make thdyseasy to
understand by explaining the flow of this studynfrbeginning to

the end. Saunderet al (2000) stated that, to ensure that the

necessary preliminary work for later stages has heelertaken,
there is a need to plan from the beginning of trecgss. The
design of this study is important to examine thetdes that
influence auditor independence. For the purposéhisf study,
survey via interview and direct observation actaesual data and
analysis is made up based on the data collected.
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Literature review
and gather info

Set the aim and objective of
study

Ascertain the scope and
limitation of study

X Data collection Secondary data
Pr|mary qata o phase *Journals, books, report,
LNG Terminal site visit — IMO, standard operating

interview, field observation TIEeES

Data analysis
Interpretfinding

Recommendation and
conclusion

Figure 3.1: Research Process

3.2 Location of Study

As stated in the previous chapter, the purposkisfstudy was to
determine the high risk areas during LNG loadingd anloading
in port operation. This study only focused on tlespondents
from Malaysia but some of them have experience \withers
foreign ship, that has been selected to conductsthdy. The
place was chosen is LNG terminal in Bintulu Port fiesearcher
doing a personal interview as the main medium tecothe
data. The location port selected because it wasrthgt nearer
and famous LNG import terminal in Peninsular of Bedia.

3.3 Respondent of study

Engineering department of this LNG terminal areoiiority first
because these respondents have more experiendenawtbdge
on ship operation and some of ship crew are not abl
understand English. Interview will be conducted hwiteveral
engineer of safety department as primary data,pfopose of
identify the high risk areas, and safety enhancémemd
precaution step to minimize the failures during LM@ding and
unloading operation.

4.0 MODEL DEVELOPMENT

The safety and reliability of LNG loading and urdazy is a
major concern for LNG operating companies. LNG hdzdave
a high potential financial impact in addition tousidown and
failure of delivery.

4.1 Introduction

As Tarek Elsayed (2009) stated that the LNG ingustas
developed and refined its practices gradually g@ast 30 years,
achieving very good results. Nowadays, the demand NG
cargo is increased from the LNG industries all otrex world,
respecting with them, the LNG transfer operatiosoalill be
increase, these will elevate the probability orémeent of failures
in LNG operation.

4.2 Personal Interview

As stated in earlier section, the main goals of gtudy are to
generate a generic safe model for LNG loading ardading in
terminal operation. Thus, as mentioned in the draptf
methodology, on determining the parameters to lsessed in
development of model, a personal interview had loeere.

4.2.1 Preliminary Parameters of the Interview Quesbns

As the earliest stage of model development, anniise
questions constructed as in Appendix A, by usingzafd
Identification (HAZID) as approaching medium, therameter to
be determined and become the points in the modedlolement
are;

i Communication system
ii. Trained and competent crews
iii. Occupational fatigue (working rate)

iv. Maintenance program (watch-keeping)
V. Installation of safety system
Vi. Terminal rules and regulations

4.3 Existing models

The main goals of system safety are to prevenbticarrence of
accidents in engineered systems and to reducedbesequences
if they occur As stated by in a study related to ‘human relations
by E.L Trist (1951), socio-technical theory impliggat human
agents and social institutions are integral paftshe technical
systems, and that the attainment of organizatiob@ctives are
not met by the optimization of the technical systémt by the
joint optimization of the technical and social asge

4.4 Selection of hollistic model

In this section, some traditional and modern hidlisvill be
reviewed for the selection of suitable model thaymeach the
objective of this study. By revising traditional des, there are
some patterns that relevant with the socio-technizadel, but
those criteria still not sufficient for developitige safety model,
since they cannot relating the complex interrefati@tween all
the elements of safety purpose

4.4.1 "Domino Model” of accident causation

Among of the existing hollistic model reviewed, itheis two
types of model that able to trigger some ideagéating the new
model related to safety. The first one is known“B®mino

Model” as in Figure 4.2, this sequential model explaccident
causation as the result of a chain of discretetswéat occur in a
particular temporal order and this pattern propdsgdeinrich,

1988.

timeline

»

Figure 4.2: “Domino Model” of accident causation
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The figure above simplifies that each factor lemdhe next
with the end result being the injury. There are fiactors in the
accident sequence;

i Social environment (those conditions which makéake
risks)
ii. Fault of a person
iii. Unsafe acts or conditions
iv. Accidents
V. Injury

4.4.2 The “Cartelli Model”

Ideally, instead of the traditional models like thBomino

Model” as explained above that not too relevant antbeing
able to cover up this scope of study due to itediity features,
there is a hollistic model known as “Cartelli Motphtterned by
Cartelli in 2007.

Social system Technical system
Structure 1" Technology
. .\ "
\ / \
\
\ \

\/ MIS
x\ (Direct)
\
v \ ¥

Figure 4.3: “The Cartelli Model”

4.5 Improvisation of existing model

The elements that to be improved in this Cartetided is;
i. Terminal design

ii. Human factors

iii. Technical handling and operation

4.6 Conclusion
The model is developed after reconsidering the rpaters
determined which are;

i Training received;
operation with human

ii. Education and usability of equipments; relationship

between technology with human

iii. Communication and workload system; relationship
between community structure with human
iv. Maintenance and operation manual; relationship

between safety of operation with technology
V. Work planning;
structure with technical operation

relationship between safety of

relationship between community

Vi. Maintenance program; relationship between facditie
and associated equipment’s with community structure

5.0 RESULT AND DISCUSSION

The purpose of this section is to discuss all theifigs and the
evaluation that has been collected and obtained fhe study.

5.1 Introduction
It also discussed some observation made on creftngnodel
developed in section 4.

5.2 Model Developed

To fulfill the target of safe operation, this lemlthe development
of a new improved model which proposed known aditgtiae
type ‘H-T-D social-technical model’ as shown in &g 5.1. This
model shows the refined elements of socio-technioaldel,
which always been missing in the implementatione €lements
that form part of the model were transformed inteyatem to
create a link between these three concepteman factors,
Technical operation aridesign of terminal

Terminal
design

Technical
operation

Facilities and
associated
equipments

Community |

Figure 5.1: The H-T-D socio-technical model

Maintenance and operation manuals

]
:j Maintenance program / periodic inspection
) Work planning and handling
:") Education and usability of equipment’s
Training received
J Communication and workload system

5.3 Discussion

As shown in Figure 5.1, a refined and improved coechnical
model had been developed. Using the HAZID as thetysa
management tool approaches, these elements thatitoproved
and refined in the Cartelli socio-technical model i
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i. Human factors
ii. Terminal design
iii. Technical operation

Other key elements are still in reliable and trdstendition in
term of scope of this study.

5.3.1 Data Collection

The data collected in this study was obtained bysgeal
interview (direct call medium) with the safety offr of LNG
terminal. The general approaches of these data are:

i. Deep appraisal of LNG loading and unloading
operation

ii. Understanding the related parameters that leadstdea
operation

iii. Develop the interview questions

Data collected from personal interview were by eging the
safety checklist and procedures that given by #fety officer of
Bintulu Port Sdn Bhd, refer Appendix A for referendll the
feedback of interview questions was tabulated asetas data
collection, as shown in Table 5.1. The answer ffigr interview
questions were covered these three (3) scopes;

i Safe operation system
ii. Communication system conducted
iii. Personnel training and course

iv. Workload

V. Inpection or ‘rounding’ activity
Vi. Alarming or standby system
Vii. Terminal rules and regulations

5.3.2 Data analysis
The data collected were being analyzing using HAZiBDich the
approaches done were;

i. Describe the hazards from each activity
ii. Identify the threas that trigger hazardous eveleniify
the likely consequences
iii. Identify all possible solutions necessary to prévea

threat

iv. Identify all recovery measures to minimise the
consequence

V. Using all the data collected and analysis made, whe

have drawn some relevant and relationship betwken a
of the elements that introduce these risk to be
happening.

5.3.3 The relationship between elements

In order to complete in developing this new ‘H-Tribdel’ as in

Figure 5.1, the approach taken was gone throughable element
that figure out how the technical aspects and taspects may
affect each other in LNG loading and unloading @mntinal

operation

o
6.0 CONCLUSION AND RECOMMENDATION

The investigation upon the safety requirement amtg@ure of
LNG loading and unloading operation in port hadrbéene. This
means, the objective of this research is achievedm the
investigation and other side studies narrowed atcgrto the
scope, an improved ‘H-T-D’ safety model consists tok
following features had been developed.
i Training received (human and technology evolvement
interface)
ii. Occupational fatigueless
iii. Maintenance cycle
iv. Knowledge of technical handling and operation
V. Safety system installed at LNG terminal (design of
terminal interface)
The results discussed in data verification concernthe
relevance of the model conclude that the modethaalid ready to
be implemented.
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LNG SAFETY AND SECURITY?!
EXECUTIVE SUMMARY

This briefing paper is the second in a series that describes the liquefied natural gas
(LNG) industry and the increasingly important role that LNG may play in the
nation’s energy future. The first paper, Introduction to LNG, briefs the reader on
LNG and touches on many of the key issues related to the LNG industry. This
paper’s first edition came out in October 2003 and deals with safety and security
aspects of LNG operations. A third paper, The Role of LNG in North American
Natural Gas Supply and Demand, followed in September 2004. All of these
reports, with supplemental information, were compiled in a complete online fact
book, Guide to LNG in North America, www.beg.utexas.edu/energyecon/Ing.

LNG has been transported and used safely in the U.S. and worldwide for roughly 40
years. The U.S. has three types of LNG facilities: LNG export, LNG import, and LNG
peaking facilities. The U.S. has the largest number of LNG facilities in the world,
scattered throughout the country and located near population centers where natural
gas is needed.

The LNG industry has an excellent safety record. This strong safety record is a
result of several factors. First, the industry has technically and operationally
evolved to ensure safe and secure operations. Technical and operational advances
include everything from the engineering that underlies LNG facilities to operational
procedures to technical competency of personnel. Second, the physical and
chemical properties of LNG are such that risks and hazards are well understood and
incorporated into technology and operations. Third the standards, codes, and
regulations that apply to the LNG industry further ensure safety. While we in the
U.S. have our own regulatory requirements for LNG operators, we have benefited
from the evolving international standards and codes that regulate the industry.
This report defines and explains how LNG safety and security is achieved, based on
our extensive review of technical and operational data.

Safety in the LNG industry is ensured by four elements that provide multiple layers
of protection both for the safety of LNG industry workers and the safety of
communities that surround LNG facilities. Primary Containment? is the first and
most important requirement for containing the LNG product. This first layer of
protection involves the use of appropriate materials for LNG facilities as well as
proper engineering design of storage tanks onshore and on LNG ships and
elsewhere.

1 This publication was supported by a research consortium, Commercial Frameworks for LNG in
North America. Sponsors of the consortium were BP Energy Company-Global LNG, BG LNG Services,
ChevronTexaco Global LNG, Shell Gas & Power, ConocoPhillips Worldwide LNG, El Paso Global LNG,
ExxonMobil Gas Marketing Company, Tractebel LNG North America/Distrigas of Massachusetts. The
U.S. Department of Energy-Office of Fossil Energy provides critical support and the Ministry of Energy
and Industry, Trinidad & Tobago participates as an observer. The report was prepared by CEE
researchers Michelle Michot Foss, Fisoye Delano, Gurcan Gulen, and Dmitry Volkov. Peer reviews
were provided by university faculty colleagues and outside experts.

2 The term “containment” is used in this document to mean safe storage and isolation of LNG.
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Secondary containment ensures that if leaks or spills occur at the onshore LNG
facility, the LNG can be fully contained and isolated from the public.

Safeguard systems offers a third layer of protection. The goal is to minimize the
frequency and size of LNG releases both onshore and offshore and prevent harm
from potential associated hazards, such as fire. For this level of safety protection,
LNG operations use technologies such as high level alarms and multiple back-up
safety systems, which include Emergency Shutdown (ESD) systems. ESD systems
can identify problems and shut off operations in the event certain specified fault
conditions or equipment failures occur, and which are designed to prevent or limit
significantly the amount of LNG and LNG vapor that could be released. Fire and gas
detection and fire fighting systems all combine to limit effects if there is a release.
The LNG facility or ship operator then takes action by establishing necessary
operating procedures, training, emergency response systems, and regular
maintenance to protect people, property, and the environment from any release.

Finally, LNG facility designs are required by regulation to maintain separation
distances to separate land-based facilities from communities and other public
areas. Safety zones are also required around LNG ships.

The physical and chemical properties of LNG necessitate these safety measures.
LNG is odorless, non-toxic, non-corrosive, and less dense than water. LNG vapors
(primarily methane) are harder to ignite than other types of flammable liquid fuels.
Above approximately -110°C LNG vapor is lighter than air. If LNG spills on the
ground or on water and the resulting flammable mixture of vapor and air does not
encounter an ignition source, it will warm, rise, and dissipate into the atmosphere.

Because of these properties, the potential hazards associated with LNG include heat
from ignited LNG vapors and direct exposure of skin or equipment to a cryogenic
(extremely cold) substance. LNG vapor can be an asphyxiant. This is also true of
vapors of other liquid fuels stored or used in confined places without oxygen.

There is a very low probability of release of LNG during normal industry operations
due to the safety systems that are in place. Unexpected large releases of LNG,
such as might be associated with acts of terrorism, bear special consideration
although the consequences may well be similar to a catastrophic failure. In the
case of a catastrophic failure, emergency fire detection and protection would be
used, and the danger to the public would be reduced or eliminated by the
separation distances of the facility design. LNG operations are industrial activities,
but safety and security designs and protocols help to minimize even the most
common kinds of industrial and occupational incidents that might be expected.

LNG contains virtually no sulfur; therefore the combustion of re-gasified LNG used
as fuel has lower emissions of air contaminants than other fossil fuels. In crude oil
producing countries, as a general move towards lessening the environmental
impact of oil production, a larger percentage of the associated natural gas is being
converted to LNG instead of being flared. In many instances, this choice reduces
the environmental impact of the continuous flaring of large quantities of natural
gas, while also capturing this valuable resource for economic use. Thus, LNG
development can have significant environmental and economic benefits.
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Importantly, the properties associated with LNG and the safety and security
practices and regulatory oversight embedded in the industry system apply no
matter what type of facility or end use. This paper focuses on LNG storage facilities
that are associated with natural gas pipeline and utility operations and services, as
well as the crucial infrastructure that comprises the global LNG “supply” or “value”
chains. Demand for natural gas, in the form of LNG, is emerging and growing in
the U.S., North America, and worldwide. Transportation constitutes one of the
more quickly developing applications. LNG is used as fuel for regional and long
haul trucking, truck operations at ports and harbors, railroads, and marine shipping
(ferries and the like, as well as LNG ship operations). These uses require dispersed
storage and distribution networks that, along with traditional satellite and peak-
shaving facilities, can serve customers while meeting all safety and security
requirements.

Our review of the LNG industry safety and technological record, engineering design
and operating systems and the standards and regulations that governing the
design, operation and location of LNG facilities indicates that LNG can be safely
transported and used in the U.S. and North America so long as safety and security
standards and protocols developed by the industry are maintained and
implemented with regulatory supervision. Our LNG web site,
http://www.beg.utexas.edu/energyecon/Ing/, provides links to other industry,
government, and public information sources.

TECHMOLOGY

MARKETS
SAFETY
ENVIRONMENT
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INTRODUCTION

LNG has been transported and used safely in the U.S. and worldwide for roughly 40
years. The U.S. has the largest number of LNG facilities in the world, scattered
throughout the country and located near population centers where natural gas is
needed. Our analysis of data on LNG safety and security indicates an excellent
safety record. This strong safety record is a result of several factors. First, the
industry has technically and operationally evolved to ensure safe and secure
operations.  Technical and operational advances include everything from the
engineering that underlies LNG facilities to operational procedures to technical
competency of personnel. Second, the physical and chemical properties of LNG are
such that risks and hazards are easily defined and incorporated into technology and
operations. Third, a broad set of standards, codes, and regulations applies to the
LNG industry to further ensure safety. These have evolved through industry
experience worldwide and affect LNG facilities and operations everywhere.
Regulatory compliance provides transparency and accountability. This report
defines and explains how LNG safety and security is achieved, based on our
extensive review of technical and operational data. Our conclusion is that LNG can
continue to be transported, stored, and used safely and securely, as long as safety
and security standards and protocols developed by the industry are maintained and
implemented with regulatory supervision. It is in the best interest of the industry,
regulators, and the general public that this goal be achieved so that the benefits of

natural gas can be realized for consumers.

By converting natural gas to LNG, it can be shipped over the oceans and great
distances from the countries where it is produced to those where it is in demand.
Natural gas is used in homes for cooking and heating, in public institutions, in
agriculture, by industry and to generate electric power. Natural gas is important
not only as a clean source of energy, but also as a feedstock for the petrochemical

industry to produce plastics, fibers, fertilizers, and many other products.

In this briefing paper, we discuss safety and security aspects of LNG. To prepare
this report, we examined information on the physical properties of LNG, the safety
record of LNG facilities and ships, the impact of the LNG operations on the

environment and regulations and agencies concerned with safety and
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environmental protection in the LNG industry. Members of our team have visited
LNG facilities in the U.S. and Japan. From this comprehensive review, we have
concluded that LNG has been and can continue to be used safely. As shown in
Figure 1 below, there is a continuous improvement of LNG safety, environmental
and security infrastructure. This report outlines technologies, strategies,
recommendations, and key considerations employed by the LNG industry, and by

regulators and public officials charged with public safety and security.

Figure 1. Continuous Improvement of LNG Safety, Environmental,
and Security Infrastructure

Industry Standards

Safety,

Security,

Design/Technology Regulations

Environmental

Integrity

Industry Experience
and Training

SAFETY CONSIDERATIONS IN LNG OPERATIONS

In order to define LNG safety, we must ask: When is LNG a hazard? The LNG
industry is subject to the same routine hazards and safety considerations that occur
in any industrial activity. Risk mitigation systems must be in place to reduce the
possibility of occupational hazards and to ensure protection of surrounding
communities and the natural environment. As with any industry, LNG operators

must conform to all relevant national and local regulations, standards, and codes.

Beyond routine industrial hazards and safety considerations, LNG presents specific
safety considerations. In the event of an accidental release of LNG, the safety zone

around a facility protects neighboring communities from personal injury, property
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damage, or fire. The one and only case of an accident that affected the public was
in Cleveland, Ohio in 1944 (See Table 4). Research stemming from the Cleveland
incident has influenced safety standards used today. Indeed, during the past four
decades, growth in LNG use worldwide has led to a number of technologies and
practices that will be used in the U.S. and elsewhere in North America as the LNG

industry expands.

Generally, multiple layers of protection create four critical safety conditions, all of
which are integrated with a combination of industry standards and regulatory

compliance, as shown in Figure 2.

Figure 2. Critical Safety Conditions

SECONDARY CONTAINMENT
SAFEGUARD SYSTEMS
SEPARATION DISTANCE

INDUSTRY STANDARDS/REGULATORY COMPLIANCE

Industry standards are written to guide industry and also to enable public officials
to more efficiently evaluate safety, security, and environmental impacts of LNG
facilities and industry activities. Regulatory compliance should ensure transparency

and accountability in the public domain.

The four requirements for safety — primary containment, secondary containment,
safeguard systems and separation distance — apply across the LNG value chain,
from production, liquefaction, and shipping, to storage and re-gasification. (We use
the term “containment” in this document to mean safe storage and isolation of
LNG.) Later sections provide an overview of the LNG value chain and the details

associated with the risk mitigation measures employed across it.

Primary Containment. The first and most important safety requirement for the

industry is to contain LNG. This is accomplished by employing suitable materials
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for storage tanks and other equipment, and by appropriate engineering design

throughout the value chain.

Secondary Containment. This second layer of protection ensures that if leaks or
spills occur, the LNG can be contained and isolated. For onshore installations dikes
and berms surround liquid storage tanks to capture the product in case of a spill.
In some installations a reinforced concrete tank surrounds the inner tank that
normally holds the LNG. Secondary containment systems are designed to exceed
the volume of the storage tank. As will be explained later, double and full
containment systems for onshore storage tanks can eliminate the need for dikes

and berms.

Safeguard Systems. In the third layer of protection, the goal is to minimize the
release of LNG and mitigate the effects of a release. For this level of safety
protection, LNG operations use systems such as gas, liquid and fire detection to
rapidly identify any breach in containment and remote and automatic shut off
systems to minimize leaks and spills in the case of failures. Operational systems
(procedures, training and emergency response) also help prevent/mitigate hazards.

Regular maintenance of these systems is vital to ensure their reliability.

Separation Distance. Federal regulations have always required that LNG facilities
be sited at a safe distance from adjacent industrial, communities and other public
areas. Also, safety zones are established around LNG ships while underway in U.S.
waters and while moored. The safe distances or exclusion zones are based on LNG
vapor dispersion data, and thermal radiation contours and other considerations as

specified in regulations.

Industry Standards/Regulatory Compliance. No systems are complete without
appropriate operating and maintenance procedures being in place and with
insurance that these are adhered to, and that the relevant personnel are
appropriately trained. Organizations such as the Society of International Gas
Tanker and Terminal Operators (SIGTTO), Gas Processors Association (GPA) and
National Fire Protection Association (NFPA) produce guidance which results from

industry best practices.
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The four conditions described above for safety, along with industry standards
and reqgulatory compliance, are vital to continuing the strong LNG industry
safety performance. They are essential if LNG is to play an increasing role in the
U.S., both for energy security and to protect the flow of economic benefits from

LNG to our society as a whole.

LNG PROPERTIES AND POTENTIAL HAZARDS
To consider whether LNG is a hazard, we must understand the properties of LNG

and the conditions required in order for specific potential hazards to occur.

LNG Properties

Natural gas produced from the wellhead consists of methane, ethane, propane and
heavier hydrocarbons, plus small quantities of nitrogen, helium, carbon dioxide,
sulfur compounds, and water. LNG is liguefied natural gas. The liquefaction
process first requires pre-treatment of the natural gas stream to remove impurities
such as water, nitrogen, carbon dioxide, hydrogen sulfide and other sulfur
compounds. By removing these impurities, solids cannot be formed as the gas is
refrigerated. The product then also meets the quality specifications of LNG end
users. The pretreated natural gas becomes liquefied at a temperature of
approximately -256°F (-160°C) and is then ready for storage and shipping. LNG
takes up only 1/600" of the volume required for a comparable amount of natural
gas at room temperature and normal atmospheric pressure. Because the LNG is an
extremely cold liquid formed through refrigeration, it is not stored under pressure.
The common misperception of LNG as a pressurized substance has perhaps led to

an erroneous understanding of its danger.

LNG is a clear, non-corrosive, non-toxic, cryogenic® liquid at normal atmospheric
pressure. It is odorless; in fact, odorants must be added to methane before it is
distributed by local gas utilities for end users to enable detection of natural gas
leaks from hot-water heaters and other natural gas appliances. Natural gas

(methane) is not toxic. However, as with any gaseous material besides air and

3 Cryogenic means extreme low temperature, generally below -100°F
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oxygen, natural gas that is vaporized from LNG can cause asphyxiation due to lack

of oxygen if a concentration of gas develops in an unventilated, confined area.

The density of LNG is about 3.9 pounds per gallon, compared to the density of
water, which is about 8.3 pounds per gallon. Thus, LNG, if spilled on water, floats

on top and vaporizes rapidly because it is lighter than water.

Vapors released from LNG as it returns to a gas phase, if not properly and safely
managed, can become flammable but explosive only under certain well-known
conditions. Yet safety and security measures contained in the engineering design
and technologies and in the operating procedures of LNG facilities greatly reduce

these potential dangers.

The flammability range is the range between the minimum and maximum
concentrations of vapor (percent by volume) in which air and LNG vapors form a

flammable mixture that can be ignited and burn.

Figure 3 below indicates that the upper flammability limit and lower flammability
limit of methane, the dominant component of LNG vapor, are 5 percent and 15
percent by volume, respectively. When fuel concentration exceeds its upper
flammability limit, it cannot burn because too little oxygen is present. This
situation exists, for example, in a closed, secure storage tank where the vapor
concentration is approximately 100 percent methane. When fuel concentration is
below the lower flammability limit, it cannot burn because too little methane is
present. An example is leakage of small quantities of LNG in a well-ventilated area.
In this situation, the LNG vapor will rapidly mix with air and dissipate to less than 5

percent concentration.
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Figure 3. Flammable Range for Methane (LNG)
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A comparison of the properties of LNG to those of other liquid fuels, as shown in
Table 1 below, also indicates that the Lower Flammability Limit of LNG is generally
higher than other fuels. That is, more LNG vapors would be needed (in a given

area) to ignite as compared to LPG or gasoline.

Table 1. Comparison of Properties of Liquid Fuels

Liquefied
Properties LNG Petroleum Gas Gasoline Fuel Oil
(LPG)
Toxic No No Yes Yes
Carcinogenic No No Yes Yes
Flammable Yes Yes Yes Yes
Vapor
Forms Vapor Yes Yes Yes No
Clouds
Asphyxiant Yes, but in a vapor Same as LNG Yes Yes
cloud
Extreme Cold | Yes Yes, if refrigerated No No
Temperature
Other Health None None Eye irritant, Same as
Hazards narcosis, nausea, gasoline
others
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Liquefied

Properties LNG Petroleum Gas Gasoline Fuel Oil
(LPG)
Flash point* -306 -156 -50 140
(G1D)
Boiling point -256 -44 90 400
(Gl9)
Flammability 5-15 2.1-9.5 1.3-6 N/A

Range in Air,
%

Stored Atmospheric Pressurized Atmospheric Atmospheric
Pressure (atmospheric if

refrigerated)
Behavior if Evaporates, forming Evaporates, forming | Evaporates, forms | Same as
Spilled visible “clouds”. vapor clouds which flammable pool; gasoline

Portions of cloud
could be flammable
or explosive under

could be flammable
or explosive under
certain conditions.

environmental
cleanup required.

certain conditions.

Source: Based on Lewis, William W., James P. Lewis and Patricia Outtrim, PTL, “LNG Facilities — The
Real Risk,” American Institute of Chemical Engineers, New Orleans, April 2003, as modified by
industry sources.

Methane gas will ignite only if the ratio or mix of gas vapor to air is within the
limited flammability range. An often expected hazard is ignition from flames or
sparks. Consequently, LNG facilities are designed and operated using standards
and procedures to eliminate this hazard and equipped with extensive fire detection
and protection systems should flames or sparks occur.

The autoignition temperature is the lowest temperature at which a flammable gas
vapor will ignite spontaneously, without a source of ignition, after several minutes
of exposure to sources of heat. Temperatures higher than the autoignition
temperature will cause ignition after a shorter exposure time. With very high

temperatures, and within the flammability range, ignition can be virtually

instantaneous. For methane vapors derived from LNG, with a fuel-air mixture of
about 10 percent methane in air (about the middle of the 5-15 percent flammability
limit) and atmospheric pressure, the autoignition temperature is above 1000°F
(540°C).

radiation, heat, or hot surface.

This extremely high temperature requires a strong source of thermal
If LNG is spilled on the ground or on water and the

resulting flammable gas vapor does not encounter an ignition source (a flame or

4 "Flash point" means the minimum temperature at which a liquid gives off vapor within a test vessel
in sufficient concentration to form an ignitable mixture with air near the surface of the liquid. OSHA
1910.106. http://www.ilpi.com/msds/ref/flashpoint.html
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spark or a source of heat of 1000°F (540°C) or greater), the vapor will generally

dissipate into the atmosphere, and no fire will take place.

When compared to other liquid fuels, LNG vapor (methane) requires the highest

temperature for autoignition, as shown in the Table 2.

Table 2. Autoignition Temperature of Liquid Fuels

Fuel Autoignition
Temperature, °F

LNG (primarily methane) 1004
LPG 850-950
Ethanol 793
Methanol 867
Gasoline 495
Diesel Fuel Approx. 600

Source: New York Energy Planning Board, Report on issues regarding the
existing New York Liquefied Natural Gas Moratorium, November 1998

Questions about LNG safety often demonstrate how LNG is confused with other
fuels and materials. Our first briefing paper, Introduction to LNG, explains the
differences between LNG and substances like liquefied petroleum gas (LPG), natural
gas liguids (NGL). LNG is also quite different from gasoline, which is refined from
crude oil. All of these fuels can be used safely as long as proper safety, security,
and environmental protections are in place. In the U.S., we fill our cars and trucks
with gasoline, use LPG (propane) in our backyard grills, and methane to heat our
homes hundreds of millions of times each day, and serious safety incidents are
rare. We can use both compressed natural gas (CNG) and LNG as transportation
fuels. Natural gas can be converted to a middle distillate equivalent using Fischer-
Tropsch; gas-to-liquids (GTL), while costly, would allow natural gas to flow directly
into the petroleum value chain to provide transportation fuels and other products.
All together, we transport and store all of these fuels and, again, safety and

security incidents are rare.
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Figure 4. Summary Comparison of LNG and Other Fuels
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In summary, LNG is an extremely cold, non-toxic, non-corrosive substance that is
transferred and stored at atmospheric pressure. It is refrigerated, rather than
pressurized, which enables LNG to be an effective, economical method of
transporting large volumes of natural gas over long distances. LNG itself poses
little danger as long as it is contained within storage tanks, piping, and equipment
designed for use at LNG cryogenic conditions. However, vapors resulting from LNG
as a result of an uncontrolled release can be hazardous, within the constraints of
the key properties of LNG and LNG vapors — flammability range and in contact with

a source of ignition — as described above.

Types of LNG Hazards®
The potential hazards of most concern to operators of LNG facilities and

surrounding communities flow from the basic properties of natural gas. Primary
containment, secondary containment, safeguard systems, and separation distance
provide multiple layers of protection. These measures provide protection against

hazards associated with LNG.

5 Much of the material in this section is taken from the New York Energy Planning Board Report on
Issues Regarding the Existing New York Liquefied Natural Gas Moratorium, November 1998.
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Explosion. An explosion happens when a substance rapidly changes its chemical
state — i.e., is ignited — or is uncontrollably released from a pressurized state. For
an uncontrolled release to happen, there must be a structural failure — i.e.,
something must puncture the container or the container must break from the
inside. LNG tanks store the liquid at an extremely low temperature, about -256°F
(-160°C), so no pressure is required to maintain its liquid state. Sophisticated
containment systems prevent ignition sources from coming in contact with the
liguid. Since LNG is stored at atmospheric pressure — i.e., not pressurized — a crack

or puncture of the container will not create an immediate explosion.

Vapor Clouds. As LNG leaves a temperature-controlled container, it begins to
warm up, returning the liquid to a gas. Initially, the gas is colder and heavier than
the surrounding air. It creates a fog — a vapor cloud — above the released liquid.
As the gas warms up, it mixes with the surrounding air and begins to disperse. The
vapor cloud will only ignite if it encounters an ignition source while concentrated
within its flammability range. Safety devices and operational procedures are
intended to minimize the probability of a release and subsequent vapor cloud

having an affect outside the facility boundary.

Freezing Liquid. If LNG is released, direct human contact with the cryogenic
liquid will freeze the point of contact. Containment systems surrounding an LNG
storage tank, thus, are designed to contain up to 110 percent of the tank’s
contents. Containment systems also separate the tank from other equipment.
Moreover, all facility personnel must wear gloves, face masks and other protective
clothing as a protection from the freezing liquid when entering potentially
hazardous areas. This potential hazard is restricted within the facility boundaries

and does not affect neighboring communities.

Rollover. When LNG supplies of multiple densities are loaded into a tank one at a
time, they do not mix at first. Instead, they layer themselves in unstable strata
within the tank. After a period of time, these strata may spontaneously rollover to
stabilize the liquid in the tank. As the lower LNG layer is heated by normal heat
leak, it changes density until it finally becomes lighter than the upper layer. At that

point, a liquid rollover would occur with a sudden vaporization of LNG that may be
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too large to be released through the normal tank pressure release valves. At some
point, the excess pressure can result in cracks or other structural failures in the
tank. To prevent stratification, operators unloading an LNG ship measure the
density of the cargo and, if necessary, adjust their unloading procedures
accordingly. LNG tanks have rollover protection systems, which include distributed

temperature sensors and pump-around mixing systems.®

Rapid Phase Transition. When released on water, LNG floats — being less dense
than water — and vaporizes. If large volumes of LNG are released on water, it may
vaporize too quickly causing a rapid phase transition (RPT).” Water temperature
and the presence of substances other than methane also affect the likelihood of an
RPT. An RPT can only occur if there is mixing between the LNG and water. RPTs
range from small pops to blasts large enough to potentially damage lightweight
structures. Other liquids with widely differing temperatures and boiling points can

create similar incidents when they come in contact with each other.

Sloshing. The advent of LNG offshore terminals implies certain risks associated
with tanks only partially filled with LNG. Carrying LNG in partially filled tanks could
lead to sloshing - a violent motion of the fluid. Sloshing could lead to an increased
high pressure of LNG on the tank walls, especially in an abnormally harsh wave
environment.® Bureau Veritas and other classification societies have filling

limitations for LNG cargo systems (see Table 3 below).

Table 3. Limitations for LNG cargo systems

System Filling Limitation
Membrane FL between 10%L-70/80%H not allowed
MOSS Without limits due to spherical geometry
IHI-SPB Possibility to arrange wash bulkheads

FL.: filling level, L: length of the tank, H: height of the tank.

Source: Adapted from L. Delorme, A. Souto Iglesias and S. Abril Perez, “Sloshing Loads Simulation In LNG
Tankers With SPH”. International Conference On Computational Methods In Marine Engineering, MARINE 2005

8 Welker J. R. and Sliepcevich C.M., Radiation, Heat Flux, and Overpressure in LNG Tanks, Proceedings
of the International Conference on LNG Importation and Terminal Safety, Boston (1972).

7 Hashemi H.T., West H. H. and Sliepcevich C.M., LNG/Water Explosions: A Distributed Source,
Proceedings of the 27th Annual Petroleum Mechanical Engineering Conference (1972).

8 Mateusz Graczyk, Torgeir Moan, “A probabilistic assessment of design sloshing pressure time
histories in LNG tanks”. Ocean Engineering 35 (2008) 834—855.
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Possible sloshing effect might require additional modifications to LNG cargo
systems, especially taking into account increasing size of LNG carriers. Several
engineering organizations, including Det Norske Veritas (DNV) and Norwegian
Marine Technology Research Institute, have projects underway, researching this

important safety issue.

Earthquakes and Terrorism. The unexpected risks of earthquakes and terrorism

are discussed in Appendix 4: Risk Perception.

HOW IS A SAFE, SECURE LNG VALUE CHAIN ACHIEVED?

The LNG industry has operated worldwide for more than 40 years with very few
safety incidents (see Appendix 5: Major LNG Incidents). In any major industry,
there are certain hazards and risks associated with day-to-day operations, as well
as definable risks and hazards associated with construction of facilities. This report
does not deal with industrial workplace hazards or hazards associated with
construction of major facilities. In the U.S. and elsewhere, policies and regulations
at federal, state, and local levels of jurisdiction are in place to protect industrial
workplace environments and construction sites and to minimize, and even

eliminate, lost time due to accidents and injuries.

Our focus is on the properties of LNG, the particular hazards and risks that can
develop from these properties and on the achievement of safety and security of
LNG facilities. The major potential hazards of LNG and LNG vapors have been
identified, analyzed, and taken into account, all to ensure the safe design,
construction, operation, and maintenance and to prevent or mitigate the probability
of these hazards. Prevention and mitigation steps are identified and implemented
to reduce the probability of these hazards. Adherence to the regulations, codes,
and operating practices makes the probability of an incident relating to such
hazards extremely low. Much has been accomplished with respect to design and
engineering of LNG facilities to address the risks and hazards associated with LNG.
LNG facility design and engineering ensure that the experience is extended and
safety record of the past 40 years continues into the future, so that society can

reap the benefits of natural gas as a safe, clean fossil fuel.
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Brief Overview of the LNG Value Chain

Our first briefing paper, Introduction to LNG, provides details on the global LNG

value chain. The major components of the value chain include the following (see

Figure 5):

e Natural gas production, the process of finding and producing natural gas for

delivery to a processing facility.

e Liquefaction, the conversion of natural gas into a liquid state so that it can be

transported in ships.

¢ Transportation, the shipment of LNG in special purpose ships for delivery to

markets.

o Re-gasification, conversion of the LNG back to the gaseous phase by passing the

cryogenic liquid through vaporizers.

o Distribution and delivery of natural gas through the national natural gas pipeline

system and distribution to end users.

Figure 5. LNG Value Chain
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Source: CMS Energy
Storage is a major focus for safety and security. Once natural gas is liquefied, it is

stored before shipment or loaded directly into the ship. LNG ships are required to
have double hulls by regulation (International Maritime Organization) to facilitate
safe transportation by sea. LNG receiving terminals and re-gasification facilities

store LNG before it is re-gasified for pipeline transportation.

The LNG Value Chain in the U.S. and North America

The U.S. differs little from other countries that use LNG, with one significant

exception: because LNG constitutes a relatively small proportion of the domestic

natural gas supply base, LNG importation is not as familiar to the U.S. public as it is
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in other countries. In addition, while widespread use of LNG satellite storage and
peak shaving facilities has been made by pipelines and natural gas utilities, the
public is generally not aware of these facilities. A great deal of LNG industry
activity has taken place in the U.S. and North America since 2000. For the most
part, that activity has centered on development of new LNG import terminals.
These new facilities have benefitted from the expertise gained elsewhere regarding
state-of-the-art materials and technologies used to construct LNG storage tanks for
onshore receiving terminals, ideas for offshore receiving and re-gasification
facilities, and new ship designs. This experience will be of benefit should some
import capacity be converted to export U.S. domestic natural gas production.
Second, operating practices at both existing and new LNG import facilities reflect
knowledge gained from experience. Third, our regulatory framework benefits from
the new technologies, materials, and practices that are being shared worldwide.
Fourth, public education is critical for LNG and its properties to be better
understood as use of LNG for end user needs like truck transportation rapidly

grows.

Most LNG facilities in the U.S. are peak shaving liquefaction and storage facilities,
satellite storage facilities or marine import terminals. Only one facility in the U.S. is

a baseload liquefaction facility, the Kenai, Alaska liquefaction and export terminal.

Figure 6. LNG Liquefaction Export Facility in Kenai, Alaska

Source: ConocoPhillips

Baseload LNG liquefaction export facilities around the world take a natural gas feed

and pre-treat and refrigerate it until it becomes a liquid that can be stored at
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atmospheric pressure. These large processing facilities, consisting of one or more
LNG trains, include gas treatment facilities, liquefaction systems, storage tanks,
and LNG transfer terminals. The LNG liquefaction export facility located in Kenai,
Alaska (as shown in Figure 6 above) currently is the only baseload liquefaction
export facility in the U.S. LNG is exported to Japan; the Kenai to Tokyo Harbor
route constituted the first Pacific Basin LNG trade route (see Introduction to
LNG). With new abundance in domestic natural gas supplies, additional
liguefaction export facilities are contemplated for the Lower 48 States and western
Canada. Terminals that have capacity to both import and export conceivably could
help balance the U.S. and North American natural gas marketplace. Currently, LNG
imports remain an important component of the U.S. natural gas supply portfolio,
especially for seasonal natural gas needs in locations like New England. U.S. and
North American import terminals receive LNG from baseload liquefaction facilities in
other countries. Natural gas from Canada could be sent to Lower 48 markets;
natural gas from U.S. domestic production, including Alaska, could be shipped to

U.S. receiving locations.®

Peak shaving LNG facilities, as shown in Figure 7 below, liquefy and store natural
gas produced during summer months for re-gasification and distribution during the
periods of high demand, usually on cold, winter days. Peak shaving facilities use
the same liguefaction processes as large baseload LNG facilities, but at a much
smaller scale. In the case of peak shaving facilities, the natural gas feed is taken
from the domestic pipeline system. In the U.S., local distribution companies (LDCs)
have used LNG for peak shaving during high demand periods for more than 60
years. LNG peak shavers have provided secure and reliable supplies of natural gas

for use during periods of peak demand.*°

9 Section 27 (Jones Act) of the Merchant Marine Act of 1920 requires that all goods shipped in U.S.
coastal waters between U.S. ports use U.S. flagged ships, constructed (or re-built) in the U.S., with
U.S. ownership and maintenance and U.S. crews (citizens and permanent residents). Various
attempts have been made to reform the Jones Act. The law was re-codified in 2006. See
http://www.marad.dot.gov/documents/CabotageLaws.pdf and http://www.trans-inst.org/jones-
act.html.

10 cates, Rusty, International Gas Consulting, Inc., “LNG - Hedging Your Bets,” LNG: Economics &
Technology Conference, January, 2003.
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Figure 7. A Peak Shaving Facility

Source: CH- IV International

Perhaps most visible type of LNG facilities is baseload LNG receiving and re-
gasification facilities. These facilities consist of marine terminals for LNG ships (1),
LNG receiving and storage facilities (2), and vaporizing facilities and supporting
utilities (3). Figure 8 provides a layout for typical onshore LNG baseload receiving

facilities.

Figure 8. Typical LNG Receiving Terminal/Re-gasification Facility
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Source: BP LNG. Note that type of vaporization process and related water
requirements may vary. See Appendix 1: Descriptions of LNG Facilities for
details.
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Our first paper, Introduction to LNG, provides information on LNG facilities in the
U.S. and North America. Onshore LNG terminals are reviewed and certified by the
U.S. Federal Energy Regulatory Commission (FERC). For information on the FERC

review process and facilities see http://www.ferc.gov/industries/gas/indus-

act/Ing/exist-term.asp and http://www.ferc.gov/industries/gas/indus-act/Ing/LNG-

existing.pdf. The FERC also has authority to certify any LNG export facilities.

The majority of LNG import terminals are based onshore. In April 2005 Gulf

Gateway Energy Bridge Deepwater Port'!

(see Figure 9 below) was put into
operation as the world’s first offshore liquefied natural gas (LNG) receiving facility
and the first new LNG regasification facility in North America since 1980’s. Gulf
Gateway was followed by Neptune and Northeast Gateway, both serving New

England.

Figure 9. The Energy Bridge™ System™?

The Energy Bridge™ System is based on specially designed Energy Bridge™
Regasification Vessels (EBRV). These are equipped with shipboard regasification
equipment and are capable of docking with a submerged offloading buoy anchored
offshore. When an EBRV reaches the buoy, it is retrieved and locked into a specially
designed compartment within the ship. Once attached, the buoy serves as both the
mooring system for the vessel and as the offloading mechanism for transferring the

vaporous natural gas to the downstream pipeline.

After connecting to the STL Buoy, LNG is brought up to the required pipeline pressure

through onboard high-pressure pumps, and passed through a set of vaporizers,

! Find out more about offshore projects in the CEE publication “LNG Offshore Receiving Terminals”.
12 See http://www.excelerateenergy.com/offshore-regasification-gateway
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which turn the LNG back into vaporous natural gas. Natural gas is then discharged
through the buoy into a flexible riser, through a subsea manifold and into a subsea
pipeline for ultimate delivery to onshore markets. Following regasification and
cargo discharge, the buoy is released, re-submerging until it achieves neutral

buoyancy at a depth of well below the surface of the water.

One of the major benefits of an offshore facility is “that it can contribute to the
availability of natural gas supplies in a secure manner with minimal disturbance to
the environment”.*? The U.S. Department of Transportation-Maritime
Administration (MARAD) reviews and certifies offshore facilities. For information on
the operating facilities mentioned above, as well as on the MARAD certification

process, see http://www.marad.dot.gov/ports landing page/deepwater port

licensing/dwp_current ports/dwp_current_ports.htm. Like FERC, MARAD would
certify any LNG export facilities that are based offshore. Both FERC and MARAD

coordinate with all relevant federal, state, and local jurisdictions, agencies, and
organizations that have some authority over LNG import and export facilities. The
U.S. Department of Energy issues certificates for the import and/or export of
natural gas. For details on regulatory oversight of LNG in the U.S. see Appendix 3:

Who Regulates LNG in the U.S.?

When it comes to increasing supplies of natural gas beyond the critical base of
domestic production, the key components are baseload receiving terminals and re-
gasification facilities, and liquefaction facilities at the international supply source.
The critical link between these two components of the LNG value chain is shipping.
According to Maritime Business Strategies, there were 360 existing LNG ships, as of
October 2011, with 47 on order.** Twenty three LNG ships were delivered in 2010,
and orders for eighteen more were placed in the third quarter of 2011 alone. About
55 percent of the fleet is less than five years old. New LNG ships are designed to
transport over 200,000 cubic meters (m® of LNG,™ or about 2.8-3.1 billion

standard cubic feet of natural gas. Various ship yards have begun designing larger

13 “Energy Bridge Gulf of Mexico - Application for Issuance of a License to Construct and Operate a
Natural Gas Deepwater Port”, 2002.

14 Maritime Business Strategies, LLC: http://www.coltoncompany.com/.

15 Typically, LNG ship size is designated by cubic meters of liquid capacity. See Appendix 7:
Conversion Table.
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LNG ships with a capacity greater than 200,000 cubic meters (m®), and thirteen
ships of 263,000 m® and 270,000 m® capacity of LNG have been ordered already.
The use of larger ships, which enable LNG value chain economics to improve and
facilitate a larger supply base for the U.S. and other importing countries, is critical
in determining how new baseload receiving terminals are designed as well as how
existing facilities will be expanded. A typical ship measures some 900 feet in
length, about 150 feet in width and has a 38-foot draft. LNG ships can be less
polluting than other shipping vessels because they can burn natural gas, but may

also substitute or supplement with fuel oil as an additional source for propulsion.

In the U.S., our LNG systems include a large number of smaller satellite storage
facilities (shown in Figure 10) that allow natural gas to be located near areas of
high demand and stored until the gas is needed. These facilities must also be
operated safely and securely. Satellite LNG facilities have only storage and re-
gasification equipment, but no liquefaction units. Some of these units perform
satellite peak shaving duties, while others are dedicated to vehicle fuel transfer
systems. LNG is usually delivered from marine terminals or peak shaving facilities
to the satellite facilities by truck (shown in Figure 10, right). As interest in LNG for
domestic fuel for trucks, railroads, and marine vessels grows, the need for satellite

storage facilities also will increase.

Figure 10. A Satellite Storage Facility (left) and LNG Truck (right)

Source: CH-1V International

Source: CH-1V International
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There are about 260 LNG facilities worldwide. The U.S. has the largest number of
those with about 121 active facilities. Natural gas is liquefied and stored at about
58 facilities in 25 states, including 96 connected to the U.S. natural gas pipeline
grid. Massachusetts alone accounts for 14 major satellite facilities, or roughly 40
percent of all satellite facilities in the United States. New Jersey has five satellite
LNG facilities, the second highest in the U.S. A rough summary of the types of LNG
storage capacity in the U.S. is shown in Figure 11. According to the U.S. Energy

% the estimated total storage capacity of LNG

Information Administration (EIA),
peak shaving and satellite facilities in the Lower 48 States as of mid-2004 is 86
billion cubic feet (BCF). LNG peak shaving and satellite storage account for 79
percent of U.S. LNG storage capacity, but it is only two percent of the total natural
gas storage capability in the Lower 48. For example, in addition to LNG peak
shaving and storage, domestic natural gas production is stored in underground
caverns or depleted natural gas fields, which together account for the overwhelming

proportion of natural gas storage capacity.

Figure 11. U.S. LNG Facilities Storage Capacity
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Source: EIA

Despite the relatively low percentage of total gas storage capacity represented, the
high daily deliverability of LNG facilities makes them an important source of fuel
during winter cold snaps. LNG facilities can deliver up to about 11 BCFD (BCF per
day), or the equivalent of 14 percent of the quantity of gas supply that can be

delivered from underground storage locations in the U.S.

16 U.S. EIA: U.S. LNG Markets and Uses: June 2004 Update.
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Figure 12. U.S. Regional LNG Storage Deliverability

Application of Safety Conditions to the LNG Value Chain

In this paper, we do not address risks and hazards associated with exploration and

production activities, processing of natural gas or safety and security associated
with natural gas pipeline or local gas utility distribution systems. The U.S. and
other countries maintain health, safety, and environment (HSE) policies and
regulations that apply to all of these activities and sites as well as specialized
policies, regulations, and industry standards targeted to specific needs and hazards.
Worldwide, best practices for all of these activities have evolved and are becoming
more firmly embedded in contractual and regulatory frameworks that establish the
safety conditions of industry operations. The specific safety and security features
embedded in the LNG value chain, as they pertain to the four elements of primary
containment, secondary containment, safeguard systems and separation distances,
are detailed below, following our schematic in Figure 2 of the multiple layers of

protection.

PRIMARY CONTAINMENT

International standards and rules define containment with respect to types of
structures and technologies in use. We use the term “containment” in this
document to mean safe storage and isolation of LNG. Safe use of LNG, or any
cryogenic substance, requires an understanding of how materials behave at
cryogenic temperatures. For example, at extremely low temperatures, carbon steel

loses its ductility and becomes brittle. The material selected for tanks, piping, and
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other equipment that comes in contact with LNG is critical. The use of high nickel
content steels, aluminum, and stainless steels is costly but necessary to prevent
embrittlement and material failures. High alloy steels composed of nine percent
nickel and stainless steel typically are used for the inner tank of LNG storage tanks

and for other LNG applications.

Several engineering design features ensure the safety of LNG storage tanks (see
Figure 13 below). LNG typically is stored in double-walled tanks at atmospheric
pressure. The storage tank is a tank within a tank, with insulation between the

walls of the tanks.

Figure 13. Conceptual Design of Storage Tanks
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Source: Shell

In single containment tanks, the outer tank is generally made of carbon steel. It
provides no protection in the event of the failure of the inner tank, but holds the
insulation in place. The inner tank, in contact with the LNG liquid, is made of
materials suitable for cryogenic service. It has a flat metallic bottom and a
cylindrical metal wall both built of materials suitable for cryogenic temperatures
(usually nine percent nickel steel). Pre-stressed concrete and aluminum have also

been used for inner tanks. The inner tank bottom rests on a rigid insulation
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material, such as foam glass. The strength of the total tank must withstand the
hydrostatic load of the LNG. This hydrostatic head determines the thickness of the
inner tank side walls. The tanks also have an insulation layer with a flat suspended
deck supported by an outside domed roof vapor barrier or outer tank (often made
of carbon steel). All new tank piping designs are through the roof of the tank to

avoid siphoning of the full content of the tank in case of piping failures.

A single containment tank (shown in Figure 14 below) for LNG is a tank system
comprised of an inner tank and an outer container. The engineering design
requires only the inner tank to meet the low temperature ductility requirements for
storage of the product. The outer container of a single containment storage tank
serves primarily to retain insulation and vapor. It is not designed to contain LNG
due to leakage from the inner tank. Storage tanks may also use double or full
containment designs as described in the following section on Secondary
Containment. In double or full containment, the outer tank is designed to contain

the full amount of the inner tank in case of a failure of the inner tank.

Figure 14. Single Containment Tanks

Source: Williams

Engineering design for safety also applies to LNG ships. An onboard containment
system stores the LNG, where it is kept at atmospheric pressure (to keep air from
entering the tank) and at -256°F (-160°C). Existing LNG ship cargo containment

systems reflect one of three designs. As of October 2011:
o Spherical (Moss) design accounts for 30 percent of the existing ships,
e Membrane design account for about 68 percent, and

e Self-supporting structural prismatic design account for about 2 percent.
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Ships with spherical tanks are most readily identifiable as LNG ships because the

tank covers are visible above the deck (see Figure 15).

Figure 15. A Spherical Tank

Source: CMS

Many ships currently under construction, however, are membrane type ships. The
membrane and prismatic ships look more like oil tankers with a less visible
containment tank structure above the main deck. The cargo containment systems
of membrane-type LNG ships (see Figure 16) are made up of a primary container,

a secondary containment, and further insulation.

Figure 16. LNG Lagos - Membrane Type LNG Carrier

Source: NLNG

The primary container is the primary containment for the cargo. It can be

constructed of stainless steel, invar (36 percent nickel steel). The most common
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cargo insulation materials include polyurethane, polyvinyl chloride foam,
polystyrene, and perlite. Nitrogen is placed in the insulation space. Because
nitrogen does not react with other gases or materials, even minor leaks can be
detected by monitoring the nitrogen-filled insulation space for the presence of

methane.

SECONDARY CONTAINMENT

Secondary containment provides protection beyond the primary containment. This
applies both to storage tanks at receiving/re-gasification terminals as well as LNG
ships. A dike, berm, or dam impoundment usually surrounds a single containment
tank located onshore in order to contain any leakage in the unlikely event of tank
failure. This system allows any released LNG to be isolated and controlled. The
dikes are designed to contain 100 percent to 110 percent of tank volume and to be
high enough so that the trajectory of a leak at the upper liquid level in the tank will
not overshoot the edge of the dike. Most of the existing LNG tanks at U.S. peak
shaving facilities and marine import facilities are single containment with secondary
containment provided via impoundments. Single containment tanks require larger
land areas for LNG storage facilities because of the larger potential spill area of the

dike impoundment.

A double containment tank (illustrated in Figure 17) is designed and constructed so
that both the inner tank and the outer tank are capable of independently containing
the refrigerated liquid. The inner tank contains the LNG under normal operating
conditions. The outer tank or wall is intended to contain any LNG leakage from the
inner tank and the boil-off gas. The majority of LNG storage tanks built recently

around the world is designed as double or full containment tanks.
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Figure 17. Double Containment Tanks

R i ow— . P PRI B g s i W N

Source: ALNG

Similar to a double containment tank, a full containment tank is designed and
constructed so that both the inner tank and the outer tank are capable of
independently containing the stored LNG. The inner tank contains the LNG under
standard operating conditions. The outer tank or wall composed of approximately
three feet of concrete is one to two meters away from the inner tank. The outer
tank supports the outer roof and is intended to contain the LNG.*” The tanks are
designed in accordance with international LNG codes (EMMUA 147,'® EN 1473). The
full containment tank is less susceptible to damage from external forces. Full
containment LNG tanks, with reinforced concrete walls and roofs can be found in
Japan, Korea, Greece, Turkey, Portugal (see Figure 18). Cameron LNG, LLC has
recently built a full containment LNG tank system for the new LNG terminal in

Hackberry, Louisiana.

17 All protocols on tank design and safety based on British Standards Institution (BSI) BS 7777: 1993
Parts 1. See http://www.hse.gov.uk/comah/sragtech/docsbsi.htm.

18 U.K. Engineering Equipment and Materials Users Association (EEMUA), 1986,
http://www.hse.gov.uk/comah/sragtech/techmeasplant.htm.
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Figure 18. Full Containment Tanks

Source: CH-1V International

The safety records of the onshore LNG facilities around the world demonstrate that
the primary containment of the LNG tanks is safe, because secondary spill
containment systems installed around all of the tanks, have never been required to
hold liquid. LNG operators also are required to provide containment and design of
troughs to direct the flow of LNG to a drain sump in a safe location in those process
areas where an LNG spill could occur, such as in transfer piping or LNG truck

loading areas and vaporization units.

For LNG ships, regulations concerning a secondary barrier depend on the type of
construction of the storage tanks. It may be a complete secondary containment
mechanism for membrane design ships that is equivalent to the primary barrier. In
the case of ships with independent tanks, such as the spherical and structural
prismatic design systems, the secondary barrier is a splash barrier with a drip pan
at the bottom from which accumulated liquid evaporates (see Figure 19). Materials
used to construct the secondary barrier include aluminum or stainless steel foil,

stainless steel and invar.
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Figure 19. Tank Section of a Spherical Moss Design

SAFEGUARD SYSTEMS

All LNG facilities are designed to comply with spill containment requirements. They
have extensive safety systems to detect LNG releases using a number of gas
detectors (for methane), ultraviolet or infrared fire detectors, smoke or combustion
product detectors, low temperature detectors and detectors to monitor LNG levels
and vapor pressures. Closed-circuit television systems monitor all critical locations
of LNG facilities. Emergency shutdown systems can be activated upon detection of
leaks, spills, or gas vapors. While there are different types of designs for LNG
facilities HSE considerations are generally similar. Various codes and standards
(see later section on Industry Standards/Regulatory Compliance) ensure that the

chances of a release are minimal, as is its volume if a release occurs.

LNG transfer lines are designed to prevent releases. Should there be a failure of a
segment of piping at an LNG facility, a spill of LNG or leak of gas vapor could occur.
An LNG spill from a transfer line is very unlikely due to the design requirements for
equipment, such as use of proper materials of construction, minimal use of bolted
flanges and rigorous testing of LNG piping. Gas and fire detectors throughout the
facility activate alarms and foam systems to ensure rapid dispersion or containment

of gas vapors and any fire hazard.

Fire detection sensors at LNG facilities would sound an alarm and immediately

begin a shutdown procedure. Foam, dry chemical, and/or water would be dispersed
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immediately from automated firefighting systems. If there is an ignition source,
then a pool fire would develop at the liquid LNG release point. LNG vapor burns
with very little smoke. The LNG quickly evaporates due to the heat of the
surroundings and the flame. If a release of LNG goes unignited for a period of
time, then a vapor cloud can form. If ignited, a vapor cloud burns back to the
source of the release. The speed of burn depends on conditions such as the size of

the release and weather conditions.

LNG ships are designed with a double hull. This design provides optimum
protection for the integrity of the cargo in the event of collision or grounding as well
as separate ballast. Separate from the hull design, LNG ships have safety
equipment to facilitate ship handling and cargo system handling. The ship-handling
safety features include sophisticated radar and positioning systems that enable the
crew to monitor the ship’s position, traffic and identified hazards around the ship.
A global maritime distress system automatically transmits signals if there is an
onboard emergency requiring external assistance. The cargo-system safety
features include an extensive instrumentation package that safely shuts down the
system if it starts to operate outside of predetermined parameters. Ships also have
gas and fire detection systems, and nitrogen purging. Should fire occur on a ship,
two 100 percent safety relief valves are designed to release the ensuing boil off to

the atmosphere without over-pressurizing the tank.

LNG ships use approach velocity meters when berthing to ensure that the
prescribed impact velocity for the berth fenders are not exceeded. When moored,
automatic mooring line monitoring provides individual line loads to help maintain
the security of the mooring arrangement while alongside. When connected to the
onshore system, the instrument systems and the shore-ship LNG transfer system
acts as one system, allowing emergency shutdowns of the entire system from ship
and from shore.

LNG ships and facilities have redundant safety systems, for example, Emergency
Shutdown systems (ESD). A redundant safety system shuts down unloading
operations when the ship or unloading facility is not performing within the design

parameters.
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SEPARATION DISTANCE

In the U.S., regulators regulate setbacks or protection distances for LNG storage

and other facilities. The federal safety standards on LNG facilities are found in the
U.S. Code of Federal Regulations (CFR) 49, Part 193.'° Setbacks are important for
protecting surrounding areas should the unlikely release of LNG or a fire occur at an
LNG facility. The regulations specify that each LNG container and LNG transfer
systems have a thermal radiation protection zone beyond the impoundment area.?
Each onshore LNG container or tank must be within a secondary dike or
impoundment area. These thermal radiation exclusion zones must be large enough
so that the heat from an LNG fire does not exceed a specified limit for people and
property. The thermal radiation exclusion zone must be owned or controlled by the
operator of the LNG facility. The code also specifies how the thermal radiation
distance is calculated for each LNG facility. The Gas Technology Institute (GTI)
computer model or a similar model is to be used and wind speed, ambient
temperature and relative humidity producing the maximum exclusion distances are

to be applied subject to other detailed provision of the regulation.

Similar to the provision for thermal radiation protection, the U.S. federal regulation
49 CFR Part 193 specifies that each LNG container and LNG transfer system must
have a flammable vapor dispersion exclusion zone around the facility that is owned
or controlled by the facility operator. The vapor dispersion exclusion zone must be
large enough to encompass that part of the vapor cloud which could be flammable.
The code specifies how the flammable vapor dispersion distance is calculated for
each LNG facility. In order to account for irregular mixing of the vapor cloud, the
regulation designates the vapor cloud hazard area as the area where the average
gas concentration in air is equal to or greater than 2.5 percent (half of the lower
flammability limit of methane). This provides a margin of safety to account for

irregular mixing. The regulation also specifies other parameters including

19 49 CFR Part 193: http://ecfr.gpoaccess.gov/cgi/t/text/text-
idx?c=ecfr&rgn=div5&view=text&node=49:3.1.1.1.9&idno=49.

20 The term impoundment is used in the LNG industry to identify a spill control design that will direct
and contain the liquid in case of a release. Earthen or concrete dikes may provide impoundment
surrounding an LNG container.
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dispersion conditions that should be used in computing the dispersion distances.
Computer models are used to calculate dispersion distances. Under U.S.
regulations, protection distances are to be calculated specific to each location to

prevent exposure to fire or thermal radiation.

Safety zones differ for ships in transit as opposed to ships in port. Port safety
zones are established by the USCG and port captain, based on the specific risk
factors at a given terminal. There are two purposes for safety zones for LNG ships
— to minimize collision while the ship is underway, and at berth to protect
surrounding property and personnel from hazards that could be associated with
ignition. In the U.S., the use of safety zones around LNG ships began in 1971 at
the Everett Terminal in Boston Harbor. Safety zones are established based on the

specific circumstances, including navigational requirements, in a specific area.

In some ports, the USCG may require a tug escort and specified safety zones
around LNG ships when a ship is underway to a U.S. receiving terminal. The
USCG’s intention is to minimize disruption to area shipping and boating traffic while
ensuring safe operations. Tugs assist in the safe docking of LNG ships. Figure 20
shows an example of a safety zone around the LNG tanker at Cove Point LNG

terminal.

Figure 20. Example Safety Zone: Cove Point

Boating Safety Zones (USCG)

+ Green Zone

- No tanker at dock; no tanker
or work boat in sight

- 50 yards
+ Purple Zone

- Tanker or workboat at dock

- 200 yards main chann
+ Red Zone

— Tanker arriving,
departing or preparation
— 1,000 yards main channel

Cove Point Lighthouse

Source: Williams
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INDUSTRY STANDARDS/REGULATORY COMPLIANCE

In the U.S., several regulatory authorities govern the LNG industry. The U.S.
Department of Energy—Office of Fossil Energy®’ helps to coordinate across federal
agencies that have regulatory and policy authority for LNG. The U.S. Federal
Energy Regulatory Commission (FERC)* is responsible for permitting new onshore
LNG receiving terminals in the U.S. and ensuring safety at these facilities through
inspections and other forms of oversight. The USCG is responsible for assuring the
safety of all marine operations at LNG receiving terminals and for LNG ships in U.S.

waters.

The Deep Water Ports Act (DWPA) gives the USCG jurisdiction over permitting of
offshore LNG receiving terminals in federal waters and for all marine operations for
an offshore receiving terminal used as a deep water port.”®> The U.S. Department of

Transportation (DOT)?* regulates offshore receiving terminals and operations.

The U.S. Environmental Protection Agency (EPA)*® and state environmental
agencies establish air and water standards for the LNG industry. Other U.S. federal
agencies involved in environmental and safety protection include the Fish and
Wildlife Service,?® Army Corps of Engineers®’ (for coastal facilities and wetlands),
Bureau of Ocean Energy Management, Regulation, and Enforcement?® (for offshore
activities), National Oceanic and Atmospheric Administration®® (for any activities
near marine sanctuaries), and Department of Labor Occupational Safety & Health
Administration (OSHA)* for LNG workplace protections. These agencies, as well as
DOT, USCG, and FERC, all have authority over comparable activities for industries

other than LNG.

21 U.s. Department of Energy — Office of Fossil Energy: http://www.fe.doe.qgov/.
22 U.S. Federal Energy Regulatory Commission (FERC): http://www.ferc.gov.

23 U.S. Coast Guard (USCG): http://www.uscg.mil/.

24 U.S. Department of Transportation (DOT): http://www.dot.gov/.

25 U.S. Environmental Protection Agency (EPA): http://www.epa.gov/.

26 U.S. Fish and Wildlife Service: http://www.fws.gov/.

27 U.S. Army Corps of Engineers: http://www.usace.army.mil/.

28 U.S. Bureau of Ocean Energy Management, Regulation, and Enforcement: http://www.boemre.gov/.
29 U.S. National Oceanic and Atmospheric Administration: http://www.noaa.gov/.
30 U.S. Department of Labor Occupational Safety & Health Administration (OSHA):
http://www.osha.gov
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State, county and local (municipal) agencies also play roles to ensure safe and
environmentally sound construction and operation of LNG industry facilities. Local
agencies also provide support for emergency response that might be needed
beyond what an LNG facility might provide. Appendix 3: Who Regulates LNG in the
U.S.? includes more detail the role of regulatory authorities with respect to the LNG

industry.

Federal, state and local jurisdictions impose and enforce numerous codes, rules,
regulations, and environmental standards on LNG facilities. These are designed to
prevent or minimize the impact of a leak or spill by minimizing the quantity spilled,
containing any spill, and erecting barriers between potential spills and adjacent
areas. In short, they both reflect and establish the four conditions for LNG safety

and security.

With industry interaction and in light of international industry best practices, the
industry also creates its own codes, rules, regulations and environmental standards.
In this way, policies and regulation for LNG safety and security can reflect state-of-
the-art technologies and operational practices based on performance history and
extensive research and development, design, and testing. In the U.S., federal
regulations are provided in the Code of Federal Regulations (CFR).** The following
regulations and standards/codes provide guidelines for the design, construction and

operation of LNG facilities. See Appendix 2: LNG Regulations for details.
o 49CFR Part 193 Liquefied Natural Gas Facilities: Federal Safety Standards

e 33CFR Part 127 Waterfront Facilities Handling Liquefied Natural Gas and

Liguefied Hazardous Gas

e NFPA 59A%* Standard for the Production, Storage, and Handling of Liquefied
Natural Gas (LNG)

e NFPA 57 Standard for Liquefied Natural Gas (LNG) Vehicular Fuel Systems

e APl 620 Design and Construction of Large, Welded Low Pressure Storage Tanks

31 U.S. Code of Federal Regulations: http://ecfr.gpoaccess.gov/cgi/t/text/text-
idx?c=ecfr&tpl=%2Findex.tpl.

32 The National Fire Protection Association (NFPA): http://www.nfpa.org/. The NFPA began developing
NFPA 59A in 1960 by a committee of the American Gas Association and was adopted in 1967.
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The worldwide LNG value chain could not develop without the evolution of
international standards that can apply to LNG operations wherever they are located.
Because LNG use has grown faster outside of the U.S. than it has domestically over
the past several years, much research and development, design, and testing
activity has occurred in other countries. Countries that rely extensively on LNG to
meet their energy needs — such as Japan, South Korea, and some European nations
— or countries that have extensive LNG production like Australia have had to make
considerable investment in policies and regulations that support a safe and secure

LNG industry. European standards include the following.

e EN 1473 - The European Norm standard EN 1473 Installation and equipment for
Liquefied Natural Gas - Design of onshore installations evolved out of the British
Standard, BS 7777% in 1996.

e EN 1160 — Installation and equipment for Liquefied Natural Gas — General

Characteristics of Liquefied Natural Gas.

e EEMUA 147°** - Recommendations for the design and construction of refrigerated

liguefied gas storage tanks.

International rules and norms also provide oversight for LNG ships. In addition,
within the U.S., the USCG and other agencies enforce a number of regulations
available to protect ships and the public. Some of these apply to shipping
operations other than LNG ships. (The USCG has long experience with shipping
operations for a myriad of energy fuels, chemicals, and other materials, all of which

pose a variety of potential risks and hazards, as does recreational boating.)

e 33 CFR 160.101 Ports and Waterways Safety: Control of Vessel and Facility

Operations.

e 33 CFR 165.20 Regulated Navigation Areas and Limited Access Areas: Safety

zones.

e 33 CFR 165.30 Regulated Navigation Areas and Limited Access Area: Security

Zones.

33 British Standards Institution (BSI1) BS 7777. See footnote 17.
34 see footnote 17.
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With regard to environmental standards, all LNG facilities must meet applicable
regulations for air, water, and other health and ambient environmental protections.
Proposals for new LNG facilities must incorporate environmental assessments to

determine overall impact of the facility and its operation.

Before LNG projects are implemented, studies must be carried out, including:
e assessments of siting requirements;

o baseline biological and land use surveys and impact analyses;

o facility process design;

e evaluations of the operational constraints and hazards associated with the

facility, terminal facilities, and shipping of LNG including earthquake tolerance;

e compatibility of LNG facilities with current and projected uses of waterways and

adjacent lands;
e assessment of potential risks to the public near prospective sites; and

o Assessment of potential effects of facility construction and operation on

terrestrial and aquatic ecosystems.

The studies involve analyses of oceanographic, navigational, and meteorological
conditions to determine whether access by LNG ships is feasible and safe, and

whether operation of existing facilities along the waterways would be affected.

A new LNG facility would be considered a potential new source of air pollution and
would require approval of a regulatory agency responsible for monitoring air
quality. Upon receipt of approval, the project would be monitored for compliance
with all quality rules, regulations and standards. The impact of nhew emissions on

air quality, if any, would be compared to existing air quality levels.

Air emissions that result from combustion of vaporized LNG as a fuel, for example
in vehicles or vaporizers or for electric power generation, represent the primary
environmental impacts associated with increased LNG use. Demand for LNG
reflects a demand for natural gas. Compared to other fossil fuels, natural gas
generally has lower emissions of carbon monoxide (CO), nitrogen oxides (NOy),

non-methane volatile organic compounds (VOC), and fine particulates (less than
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2.5 microns in size). In addition, natural gas has lower emissions of carbon dioxide
(CO,) and toxic, heavy metals.®® Since the liquefaction process requires removal of
all impurities from the produced natural gas, LNG actually has lower air emissions
than natural gas when it is produced. The sulfur content of LNG is near zero,

eliminating sulfur dioxide (SO,) emissions.

There are secondary sources of emissions associated with power facilities on site
(which must have separate permits), LNG ships, and other marine vessels (e.g.,
diesel dredgers, USCG security vessels, and tugs). The diesel and bunker fuels

used to operate the vessels cause most emissions from marine vessels.

LNG is a source of environmental benefits. When natural gas is burned for power
generation SO, emissions are virtually eliminated and CO, emissions are reduced
significantly compared to other fuels such as coal and fuel oil, which require
scrubbing or other technologies to remove SO, or carbon reduction strategies such

as sequestration to deal with CO..

In some crude oil producing countries like Nigeria, where there are few alternatives
for use or disposal of the natural gas that is produced with crude oil, some of the
gas that would otherwise be flared is instead converted to LNG. This reduces the
environmental impact of the continuous flaring of large quantities of natural gas.
To end flaring is a goal for the producing industry and institutions like the World
Bank. These initiatives have contributed to the increased interest in LNG as a
means of using valuable natural gas resources and contributing toward sustainable

development.

Industry organizations help to coordinate interaction between the LNG industry, the
agencies and authorities charged with creating and enforcing rules and regulations
for LNG facilities. The International Maritime Organization (IMO) ** has developed
standards for the construction and operation of all ships. These standards and
codes govern the design, construction and operation of specific ships, including LNG

ships, and, when ratified, are adopted and incorporated into the individual flag state

35 New York Energy Planning Board, Report on Issues Regarding the Existing New York Liquefied
Natural Gas Moratorium, November 1998.
36 International Maritime Organization (IMO), http://www.imo.org.

LNG Safety and Security - 44 —





regulations. In the U.S., the USCG has adopted the applicable IMO standards and
codes in regulations covering U.S. flag ships. The USCG inspects LNG ships when in

U.S. port, regardless of their flag state for compliance with these codes.

The Maritime Transportation Security Act of 2002 (MTSA) and the International
Ship and Port Facility Security (ISPS) codes recommend additional security
measures relating to ships and port facilities personnel and operational
requirements. By July 1, 2004, as with other critical fuels and products, all LNG
ships and terminals worldwide had to have specific security plans in place as
required by the IMO and the USCG. The LNG ship Berger Boston (which is under
long-term charter to Tractebel LNG North America) is the first vessel in the world to

receive the new ISPS certification. The certification was received in June 2003.

Maritime Classification Societies provide the means by which LNG shipping
operators can demonstrate that they have established clear, practical, technical
standards that address the protection of life, property, and the natural
environment.®’ The classification societies establish rules for the construction of
LNG ships using IMO standards as a minimum. They can, on behalf of Flag States,
certify existing proven technologies and methods of construction and have assisted
in gaining approval for the development of new technologies so that they can be
tested and then built. Some of the societies that classify LNG ships include
American Bureau of Shipping (ABS), Bureau Veritas (BV), Det Norske Veritas (DNV)
and Lloyd's Register of Shipping (LR).

LNG regulations and industry standards complement each other. They apply to the
design, construction, and operation of LNG facilities and have been developed by
using best engineering practices and incorporating many years of operating

experience.

CONCLUSIONS
As mentioned in our Introduction to LNG, LNG has been handled safely for many

years and the industry has maintained an enviable safety record. Engineering and

37 Sember, W.J., ABS, Development of Guidelines for Classification of Offshore LNG Terminals,
GASTECH 2002, Qatar, October 2002.
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design and increasing security measures are constantly improved to ensure the

safety and security of LNG facilities and ships.

As of 2011, the global LNG industry comprises 25 export (liquefaction) facilities, 91
receiving (re-gasification) terminals, and 360 ships, altogether handling more than
220 million metric tons of LNG every year. LNG has been safely delivered via
ocean-going transport for more than 40 years. During that time there have been
more than 59,000 LNG ship voyages, covering more than 110 million miles, without
any major incidents involving a major release of LNG either in port or on the high
seas. LNG ships frequently transit high traffic density areas. For example, in 2000,
one LNG cargo entered Tokyo Bay every 20 hours, on average, and one LNG cargo
a week entered Boston harbor.®® Appendix 5: Major LNG Incidents provides
extensive details on documented incidents in the LNG industry as well as
background on some of the kinds of concerns, such as the impact of earthquakes

on LNG facilities that the industry must protect against.

In the study by the New York Energy Planning Board of November 1998, carried out
to inform the New York state governor and legislature on whether to extend or
modify the 1978 moratorium on siting new LNG facilities, a major finding was:
“Given its physical and chemical properties, LNG is as safe as other currently
available fuels. Since 1980, there have been only seven facility or ocean tanker
accidents worldwide and four vehicle related accidents in the United States, with no
fatalities, which compares favorably with the safety record of facilities for
competing fuels.”® As a result of this report and review, in 1999 the moratorium

was allowed to expire for areas outside of New York City.

Reviews such as the one conducted in New York in 1998 and the extensive body of
information and evidence that documents LNG industry safety records and practices
support our conclusion that risks and hazards associated with LNG and LNG
industrial facilities are manageable. They also show that LNG industry safety

practices contribute toward reduced potential for catastrophic events such as might

38 phil Bainbridge, VP BP Global LNG, LNG in North America and the Global Context, IELE/AIPN
Meeting University of Houston, October 2002.

%% New York Energy Planning Board, Report on issues regarding the existing New York Liquefied
Natural Gas Moratorium, November 1998.
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be associated with acts of terrorism. Overall, LNG safety is inherent in the
properties of LNG, the technologies and operating practices that have evolved on

the basis of understanding these properties, and regulatory requirements.

Other publications of the Center for Energy Economics mentioned in this paper and
the complete online Guide to LNG in North America provide extensive information to
those interested in U.S. energy trends and security; LNG industry and market

developments. The CEE web site, www.beg.utexas.edu/energyecon/ing provides

links to industry, government and public information sources. Companies with LNG
operations maintain active public information offices, as do the federal agencies

charged with regulatory and policy oversight.
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APPENDIX 1: DESCRIPTIONS OF LNG FACILITIES
Information in this appendix provides further information on the critical features of
major LNG facilities as they relate to safety and security. A typical, onshore LNG
receiving terminal and re-gasification facility, like those that currently exist in the
U.S. and ones that are planned or proposed, consists of marine facilities, LNG

receiving and storage facilities, and vaporization facilities.

Marine Facilities. The LNG dock facilities are designed to berth and unload LNG
from ships. Tugboats provide assistance when berthing. The dock is designed to

accept a specified size range of LNG ships.

LNG Receiving and Storage Facilities. Once the LNG ship is moored and the
unloading arms on the dock have been connected, the ship's pumps will transfer
LNG into the onshore LNG storage tanks. Offloading generally takes about 12
hours depending on cargo size. Figure 21 illustrates unloading arms at an LNG
marine terminal. Double-walled tanks store LNG at atmospheric pressure. LNG is a
cryogenic fluid, and it is not stored at high pressures, so an explosion of LNG from
overpressure is not a potential hazard. The issues regarding LNG storage tanks
apply both to the liquefaction and re-gasification facilities because the storage
tanks are of the same design. New technologies enabled offshore LNG storage and

re-gasification.

Figure 21. LNG Jetty with Unloading Arms - ALNG

Source: Phillips66
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Offshore LNG receiving facilities. As noted previously, offshore facilities have
already been developed and put into service. A variety of offshore options exists,
and floating LNG facilities are gaining increasing interest to add value chain
flexibility and commercialize remote natural gas resources. See CEE’s review of
offshore LNG as part of our online guide, LNG Offshore Receiving Terminals, at
http://www.beqg.utexas.edu/

energyecon/Ing/LNG OFFSHORE RECEIVING TERMINALS-release-updated.pdf.

Types of LNG Storage Tanks
Above-ground Tanks

Above-ground tanks have been the most widely accepted and used method of LNG
storage primarily because they are less expensive to build and easier to maintain
than in-ground tanks. There are more than 200 above-ground tanks worldwide,
and they range in size from 45,000 barrels to 1,000,000 barrels (7,000 m3 to
200,000m3**°). In Japan, Osaka Gas announced building one of the largest above-
ground tank (230,000m?®), using new technologies for pre-stressed concrete design
and enhanced safety features, as well as a technology for incorporating the
protective dike within the storage tank (see description of full containment systems

in section Secondary Containment).*!
Below-ground Storage Tanks

Below-ground LNG tanks are more expensive than above-ground tanks. They
harmonize with the surroundings. There are three different types of below-ground

LNG storage tanks currently in use.
In-ground Storage Tanks

The roof of the tank is above ground. Japan has the world’s largest LNG in-ground
storage tank, which has been in operation since 1996. It has a capacity of 200,000

m?3. There are 61 in-ground storage tanks in Japan.

4% Young-myung Yang et al. Development Of The World’s Largest Above-Ground Full Containment LNG
Storage Tank. 23rd World Gas Conference, Amsterdam 2006. Available at:
http://www.igu.org/html/wgc2006/pdf/paper/add10896.pdf

41 Osaka Gas to Build Large-Capacity LNG Tank at Senboku No.1 Works. Diamond Gas Report,
September 13, 2011.
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Underground LNG Storage Tank

Underground tanks (shown in Figure 23) are buried completely below ground and
have concrete caps. This design not only minimizes risk, but the ground surface

can then be landscaped to improve the aesthetics of the area.

Figure 22. Underground LNG tank: T-2 tank at Fukukita station of
Saibu Gas Co., Ltd.

Source:

Underground In-pit LNG Storage Tank

The tank has a double metal shell with an inner and outer tank. The inner tank is
made of metal with high resistance to low temperature. Additional insulation of
thermal insulating materials and dry nitrogen gas fills the space between the inner

and outer tanks. See Figure 25 for an example of an in pit LNG storage tank.

Figure 23. In pit LNG storage tank

e

Source: SIGTTO
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LNG Vaporization Facilities

Each LNG storage tank has send-out pumps that will transfer the LNG to the
vaporizers. Ambient air, seawater at roughly 59°F (15° C), or other media such as
heated water, can be used to pass across the cold LNG (through heat exchangers)
and vaporize it to a gas. The most commonly used types of vaporizers are the
Open Rack (ORV) and the Submerged Combustion (SCV). Other types include Shell
& Tube exchanger (STV), Double Tube Vaporizer (DTV), Plate Fin Vaporizer (PFV),
and Air Fin Vaporizer (HAV).

Open Rack Vaporizer (ORV)

ORVs (shown in Figure 24) use seawater as the heat source. Seawater flows down
on the outside surface of the aluminum or stainless steel heat exchanger panel and
vaporizes LNG inside of the panel. Baseload operations use ORVs. Peak shaving
operators use the same open rack vaporizers with circulating heated water. ORVs

have the following special features:

e Simple construction and easy maintenance;
o High reliability and safety.
Figure 24. Open Rack Vaporizer

Source: Www.spp.co.jp

Submerged Combustion Vaporizer (SCV)

SCVs use hot water heated by the submerged combustion burner to vaporize LNG
in the stainless tube heat exchanger. SCVs (shown in Figure 25) are applied mainly
to the vaporizer for emergency or peak shaving operation, but also can be used as

a baseload. SCVs have the following special features:
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o Low facility cost;
¢ Quick startup;
¢ Wide allowable load fluctuation.

Figure 25. Seven Submerged Combustion Vaporizers, Lake Charles,

La., Terminal

Source: www.cmspanhandlecompanies.com
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APPENDIX 2: LNG REGULATIONS
The following regulations provide guidelines for the design, construction and

operation of LNG facilities.

49CFR Part 193 Liquefied Natural Gas Facilities: Federal Safety Standards- This
section covers siting requirements, design, construction, equipment, operations,

maintenance, personnel qualifications and training, fire protection, and security.

33CFR Part 127 Waterfront Facilities Handling Liquefied Natural Gas and Liquefied
Hazardous Gas - This federal regulation governs import and export LNG facilities or
other waterfront facilities handling LNG. Its jurisdiction runs from the unloading

arms to the first valve outside the LNG tank.

NFPA 59A Standard for the Production, Storage, and Handling of Liquefied Natural
Gas (LNG) — This is an industry standard issued by the National Fire Protection
Association (NFPA).* NFPA 59A covers general LNG facility considerations, process
systems, stationary LNG storage containers, vaporization facilities, piping systems
and components, instrumentation and electrical services, transfers of natural gas
and refrigerants, fire protection, safety and security. It also mandates alternative
requirements for vehicle fueling for industrial and commercial facilities using
American Society of Mechanical Engineers (ASME) pressure vessel containers. This
standard includes requirements for LNG facilities to withstand substantial
earthquakes. The NFPA standard for level of design means that the LNG facilities
are strongly fortified for other events such as wind, flood, earthquakes and blasts.

The latest update of NFPA 59A was published in 2001.

NFPA 57 Standard for Liquefied Natural Gas (LNG) Vehicular Fuel Systems - This
standard covers vehicle fuel systems, LNG fueling facilities, installation
requirements for ASME tanks, fire protection, safety and security for systems on

board vehicles and infrastructure storing 70,000 gallons of LNG or less.

European standards include the following.

42 see footnote 32. The NFPA began developing NFPA 59A in 1960 by a committee of the American
Gas Association and was adopted in 1967.

LNG Safety and Security - 53 —





EN 1473 - The European Norm standard EN 1473 Installation and equipment for
Liquefied Natural Gas - Design of onshore installations evolved out of the British
Standard, BS 7777* in 1996. It is a standard for the design of onshore LNG
terminals. This standard is not prescriptive but promotes a risk-based approach

for the design.

EN 1160 — Installation and equipment for Liquefied Natural Gas — General
Characteristics of Liquefied Natural Gas contains guidance on properties of

materials commonly found in LNG facility that may come into contact with LNG.

EEMUA 147% - Recommendations for the design and construction of refrigerated
liquefied gas storage tanks. This document contains basic recommendations for
the design and construction of single, double and full containment tanks for the
bulk storage of refrigerated liquefied gases (RLGs) down to -165°C, covering the

use of both metal and concrete materials.

Regulations applicable to LNG ships include:

33 CFR 160.101 Ports and Waterways Safety: Control of Vessel and Facility
Operations. This U.S. federal government regulation describes the authority
exercised by District Commanders and Captains of the Ports to insure the safety
of vessels and waterfront facilities, and the protection of the navigable waters
and the resources therein. The controls described in this subpart are directed to

specific situations and hazards.

33 CFR 165.20 Regulated Navigation Areas and Limited Access Areas: Safety
zones. A safety zone is a water area, shore area, or water and shore area to
which, for safety or environmental purposes, access is limited to authorized
persons, vehicles, or vessels. It may be stationary and described by fixed limits,
or described as a zone around a vessel in motion. It is commonly used for ships
carrying flammable or toxic cargoes, fireworks barges, long tows by tugs, or

events like high speed races.

43British Standards Institution (BSI) BS 7777. See footnote 17.
44 see footnote 18.
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33 CFR 165.30 Regulated Navigation Areas and Limited Access Area: Security
Zones. This section defines a security zone as an area of land, water, or land
and water that is so designated by the Captain of the Port or District
Commander for such time as is necessary to prevent damage or injury to any
vessel or waterfront facility, to safeguard ports, harbors, territories, or waters of
the United States or to secure the observance of the rights and obligations of
the United States. It also determines the purpose of a security zone -- to
safeguard vessels, harbors, ports, and waterfront facilities from destruction,
loss, or injury from sabotage or other subversive acts, accidents, or other
causes of a similar nature in the United States and all territory and water,
continental or insular, that is subject to the jurisdiction of the United States.
Generally, it covers ships with flammable or toxic cargoes, cruise ships, naval

ships, and nuclear power facilities and airports.
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APPENDIX 3: WHO REGULATES LNG IN THE U.S.?

A schematic of regulatory entities and their relationships with each other and

integration with international standards organizations is shown in Figure 26.

Figure 26. U.S. LNG Regulators

Onshore/ZMarine

Federal Agencies
The Department of Energy
Federal Energy Regulatory Commission (FERC)
The U.S. Coast Guard (USCG)
The Department of Transportation (DOT)
The U.S. Environmental Protection Agency (EPA)
U.S. Minerals Management Service
U.S. Fish and Wildlife Service

U.S. Department of Labor Occupational Safety &
Health Administration (OSHA)

U.S. Army Corps of Engineers

Offshore

Federal Agencies
The Department of Energy
The U.S. Coast Guard (USCG)
The Department of Transportation (DOT)
U.S. Fish and Wildlife Service

National Oceanic and
Administration

Atmospheric

U.S. Department of Labor Occupational
Safety & Health Administration (OSHA)

U.S. Army Corps of Engineers

Fire departments

Police

State & Local Agencies

Departments of environmental protection

The American Concrete Institute (ACI)

Non-Governmental Regulators/Standards Organizations
The National Fire Protection Association (NFPA)
American Society of Mechanical Engineers (ASME)
The American Society of Civil Engineers (ASCE)

The American Petroleum Institute (API)

The American Society for Testing and Materials (ASTM)
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Federal, state, and local authorities have the power to regulate the construction and
operation of LNG facilities. Federal regulation of the industry is by far the most
comprehensive, and there is a separate regulatory requirement for the construction
and operation of LNG facilities. All governmental entities have some ability to
regulate each phase of a facility’s life. Determination of jurisdiction between
federal and state agencies is a constitutional matter. Both states and the U.S.

Congress may regulate activities.

Federal Requlation of LNG

LNG facilities fall under the regulation of a large number of federal agencies,
including, but not limited to, the U.S. Coast Guard, Department of Transportation,
Federal Energy Regulatory Commission, Environmental Protection Agency, U.S.
Department of Labor Occupational Safety & Health Administration, Customs and
Immigration. Four federal agencies have specific regulatory enforcement roles
spelled out by statutes. These agencies are the Department of Energy, the Federal
Energy Regulatory Commission, the Department of Transportation, and the U.S.
Coast Guard. The roles of these agencies and their LNG-specific regulations are
described in this appendix. These agencies and others also enforce regulations that

are applied to many parts of the energy industry.

The Department of Ener DOE

All imports of LNG require a certificate for importation from the DOE. The process
of getting a certificate requires a study by the DOE. However, this process is
automatic for countries that are free trade nations. The regulatory role of the DOE
is only to monitor the amount of LNG being imported and exported, and to protect

American energy supplies via the certification process.

The Federal Energy Requlatory Commission (FERC)

LNG onshore terminals in the U.S. had historically been treated like interstate
pipelines, thus allowing FERC to regulate these facilities. The FERC has jurisdiction
over onshore import and export facilities, and some peak shaving facilities, and
thus, regulatory control over most of existing U.S. LNG facilities. The FERC has

significant oversight responsibility for LNG import and export facilities during their
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construction. The FERC can approve or reject the location of all LNG import and
export facilities prior to construction. One step of the review process requires a
safety review and analysis of the design. The design of LNG facilities must conform
to the National Fire Protection Association’s (NFPA) LNG standards, such as NFPA

59A. FERC also regulates the modification and expansion of LNG onshore facilities.

The FERC prepares an Environmental Assessment (EA) or an Environmental Impact
Statement (EIS) for all onshore facilities as part of the certification process to
construct or operate an LNG facility. In addition to evaluating environmental
concerns, the FERC reviews the engineering design of the facility and monitors

construction of the project.

The Department of Transportation (DOT)

The DOT plays a major role in ensuring the safe operation of LNG facilities by
reviewing construction and operation of facilities. The Secretary of Transportation
is charged with prescribing minimum safety standards concerning the location,
design, installation, construction, initial inspection, and testing of a new LNG facility
and offshore facilities. Specifically, DOT's Research and Special Programs
Administration (RSPA), Office of Pipeline Safety (OPS), oversees federal safety
standards for LNG facilities. These standards include requirements for site location,
design, construction, operations and maintenance of an LNG facility, as well as
personnel qualifications and training, fire protection, and security. Additionally,
DOT has specially trained personnel who conduct periodic on-site inspections of
LNG facilities.

For interstate LNG facilities there is some jurisdictional overlap in the review of the
location, design and construction of the facility. Although FERC approves the site,
the Office of Pipeline Safety and a state agency authorized to act as OPS's agent
may complement FERC's efforts in reviewing the design and monitoring the
construction of an LNG facility. The certificate issued by FERC may contain
conditions that reflect input from OPS or could attach conditions in addition to their

requirements.
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The U.S. Coast Guard (USCG)

In U.S. waters, the USCG regulates U.S. flag LNG ships and barges. The USCG has
regulatory authority over their design, construction, manning, and operation, and
the duties of their officers and crew. USCG regulations focus on safety. One way it
provides oversight is through onboard inspection when LNG ships at the berth to
confirm compliance with the prescribed regulations and with safety standards.

These inspections are also conducted on foreign flag ships when in U.S. waters.

The USCG works with terminal and ship operators to ensure that the policies and
procedures in place conform to required standards. The USCG also works with
operators to conduct emergency response drills and joint exercises to test response
plans. The USCG ensures that operators have adequate safety and environmental

protection equipment and procedures to respond to an incident.

In addition to this oversight function the USCG determines the suitability of a
waterway to transport LNG safely, and it requires that operation and emergency
manuals be submitted for the ports where ships will operate. They also create
safety rules for specific ports in order to minimize the chance of accidents. At LNG
export or import terminal facilities, the USCG has jurisdiction over the marine
transfer area which is the part of a waterfront facility between the ship and the last

manifold valve immediately before the receiving tanks.

In November 2002, the U.S. Deepwater Port Act was amended by the Maritime
Transportation Safety Act (MTSA) to include natural gas. As a result of this

amendment the USCG now regulates deepwater LNG ports.

The U.S. Environmental Protection Agency (EPA)

The EPA establishes air and water standards for all LNG operations, and controls

air, water and land pollution.

State requlation of LNG
Some states have specific regulations that pertain to LNG; however, there is no

national standard for regulation at the state level. Some regulatory agencies (e.g.

state departments of environmental protection) are involved in granting permits for
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specific activities with potential adverse environmental impacts (such as air

permits, dredge material disposal).

Local reqgulation of LNG
Local government agencies may also have requirements for the construction,

operation and maintenance of LNG terminals. State and local agencies like the fire
department and police also have jurisdiction on the basis of protecting the safety of

the surrounding area.

Non-Governmental Requlation of LNG

The National Fire Protection Association (NFPA) develops fire safety codes
and standards drawing upon the technical expertise of persons from diverse
professional backgrounds that form technical committees. These committees
address concerns about specific activities or conditions related to fire safety. The
members of these committees use an open consensus process to develop standards
for minimizing the possibility and effects of fire. NFPA has adopted two

comprehensive standards, NFPA 59A and NFPA 57, that relate to LNG.

NFPA 59A Standard for the Production, Storage and Handling of Liquefied Natural
Gas (LNG) 2001 Edition describes the basic methods of equipment fabrication as
well as LNG installation and operating practices that provide for protection of
persons and property. It also "provides guidance to all persons concerned with the
construction and operation of equipment for the production, storage, and handling
of liquefied natural gas.” This comprehensive standard contains detailed technical
requirements to ensure safety of LNG facilities and operations, including general
facility considerations, process systems, stationary LNG storage containers,
vaporization facilities, piping systems and components, instrumentation and

electrical services.

The standard also incorporates, by reference, technical standards developed by a
number of other professional organizations, such as American Society of Mechanical

Engineers (ASME)*°, the American Society of Civil Engineers (ASCE)*®, the American

45 American Society of Mechanical Engineers (ASME) http://www.asme.org/
46 American Society of Civil Engineers (ASCE) http://www.asce.org/
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Petroleum Institute (AP1)*’, the American Concrete Institute (ACI)*®, and the
American Society for Testing and Materials (ASTM)*. (A complete list of these

organizations appears in the last chapter of the NFPA standard.)

The NFPA is not empowered to enforce compliance with its codes and standards.
Only regulatory bodies or political entities that have enforcement powers can set
the standards that the NFPA creates to regulate the industry. An example is when

FERC uses the NFPA standards in their safety review of LNG facilities.

47 American Petroleum Institute (API) http://api-ec.api.org
48 American Concrete Institute (ACI) http://www.aci-int.org/
“SAmerican Society for Testing and Materials (ASTM) http://www.astm.org.
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APPENDIX 4: RISK PERCEPTION
In many aspects of daily life, risk of a certain event is very often perceived to be
much different from reality. Sometimes potentially dangerous activities can
become so commonplace and accepted that the risk associated with those activities
can be taken for granted, such as driving a car or flying in a plane. In other cases,
the focus on worst-case events overshadows the real probability that such events
will ever occur. In many such instances, worst-case scenarios are assumed without
taking into consideration the numerous steps taken to prevent them. Risk is a
combination of not only the consequence of an event, but also the probability of the
event occurring. A high consequence event with a low probability of occurrence
may be similar on a “risk basis” to a low consequence event with a high-probability

of occurrence.

Potential damage and injuries from an LNG incident would depend on initiating
events, volume and location of LNG release, release rate, wind direction and speed,
and other factors. However, the quantitative calculation of probabilities of such an

event actually can only be done if sufficient data exists.

Terrorism

Unexpected risks are, of course, different from routine risks with regard to
uncertainty about whether or when they could take place. There must be a general
enforcement of security to protect all types of facilities and public places, including
LNG operations, from acts of violence. With respect to unexpected risks such as

terrorism, a system of safeguards is already in place.

LNG tanks, whether on ships, on land, or offshore, require exceptionally large
amounts of force to cause damage. Because the amount of energy required to
breach containment is so large, in almost all cases the major hazard presented by
terrorists is a fire, not an explosion. If an aircraft crashed into an LNG facility, the
impact would almost certainly cause a fire fueled initially by the aircraft fuel. It
may also ignite the LNG, causing a larger fire at the facility. Emergency fire
detection and protection at the LNG facility/ship would be used in such an event.
Danger to the public from this type of event would be reduced or eliminated by the
separation distance of the facility.

© Center for Energy Economics
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Rigorous siting reviews coupled with separation and distance requirements in U.S.
safety codes®® minimize risk to the public from land-based facilities. According to
the opinion of Project Technical Liaison Associates, Inc. (PTL), “LNG land-based
facilities are sited to very stringent design and construction codes and standards.
These codes require that ‘worst-case’ accident scenarios be used in the siting and

design of these facilities.”*

The U.S. Coast Guard (USCG) which by Federal law has the responsibility for
implementing safety regulations that apply to LNG marine operations in the U.S. is
now part of the new U.S. Department of Homeland Security. For all vessels of
special interest, including LNG ships, the USCG enforces strict measures towards
terror threat protection. Measures taken to prevent terrorism on LNG facilities and
ships worldwide include inspections and patrols, action plans for security breach,
and emergency communication systems as well as intelligence gathering. These
same measures are also used at other critical facilities, operations and ships - such

as passenger ships, oil tankers, containerships etc.

Earthquakes
When estimating the risk of LNG projects, the companies involved in LNG facilities

consider the danger of strong ground movements and failures due to seismic
activity, liguefaction and landslides in the area. The seismic design requirements
are outlined in the NFPA 59-A 2001. Major earthquakes can cause severe damage if
the facilities are not designed to withstand such events, so the companies conduct
regional and site-specific studies to see if the areas are seismically active. These
factors are then taken into account during planning and design stages. The design
of LNG tanks can accommodate regional seismic activity in locations of potential
risk. There are no known incidences of LNG storage tank failures due to seismic
activity. In fact, in 1995, none of the LNG storage tanks in the Kobe, Japan area

were damaged during a 6.8 earthquake on the Richter scale.

50 See footnote 31.
51 Lewis, James P. and Sheila A. McClain, Project Technical Liaison Associates, Inc. (PTL): LNG
Security: Reality and Practical Approaches, LNG: Economics & Technology Conference, January 2003.
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Japan is one of the world’s largest users of LNG and has many LNG storage tanks.
Table 3 shows the different LNG facilities in the U.S. and Japan. Japan is also one
of the more seismically active areas of the world. Damage to its LNG facilities from
the most severe earthquakes has been limited to that of natural gas pipelines. CEE
conducted a separate case study on Japan’s long experience with LNG and safety

record.>?

Table 3. LNG Facilities in the U.S. and Japan

Uu.S.* Japan**

Liguefaction Terminals 1
Re-gasification Terminals 4 22
Peak shaving Facilities 57
Satellite Storage 39 26
Facilities (without
liguefaction)
Others 12

113 48

* as of 2002 | **as of 1998

Sources: EIA, Japan Gas Association

Maritime Incidents

The history of the LNG industry has shown that maritime incidents with severe LNG
releases are very rare. Over the industry’s 60-year history of 59,000 voyages,
there has never been a spill from a ship into the water from either a collision or
grounding. LNG ships are well designed and well maintained, which reduces the
chances and severity of incidents. Their designs prevent breaching of cargo tanks
and involvement of multiple tanks in accidents. Potential hazards could come from

ignition of LNG pool fires or a vapor cloud.

52 Contact the CEE for details and availability.
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Figure 27. LNG incidents before and after 1985 by ship type

Historic LNG incidents

Other Unknown
1% 1%

Spherical
51 %
Membrane
37 %
LNG incidents, 1985 and later
Other Unknown
4% 2%
Spherical
33%
Membrane
61 %

Source: Erik Vanem, Pedro Antao, Ivan @stvik, Francisco Del Castillo de Comas, “Analysing the risk of

LNG carrier operations”. Reliability Engineering and System Safety 93 (2008) 1328-1344

Operational Incidents

Operational incidents - incidents resulting from human error, equipment failures, or
both can occur in any industry and any facilities. In the LNG facilities, it could
happen during unloading, storage, vaporizing and pipeline transmission or other
stages of production. Such errors could result in a spill or a fire. LNG facilities and
ships have advanced monitoring and control systems that make an incident unlikely
to occur compared to other releases. Consequences of the majority of potential
incidents would be contained on site and managed before they could result in

significant damage.
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APPENDIX 5: MAJOR LNG INCIDENTS>3
According to the U.S. Department of Energy,> over 60 years of the industry’s life,
eight marine incidents worldwide have resulted in spillage of LNG, with some
causing deck-plating damage under the manifold piping due to brittle fracture.
There were no LNG cargo related fires. The design of LNG ships has been a

contributing factor in avoiding damage to the LNG containment tanks.

With the exception of the 1944 Cleveland fire, all LNG-related injuries have
occurred within an LNG facility. There has never been an LNG shipboard fatality.
No death or serious incidents involving LNG has occurred in the United States since
the Cove Point incident in 1979, although there were several incidents outside the

U.S. since then (see Table 4 below).

Table 4. Major Energy-related Incidents Worldwide, 1907-2007

Facility Date Location Description Fatalities Cost
($millions)
1 Coal December Monongah, West | Underground 362 162
mine 6, 1907 Verginia USA explosion traps
workers and
destroys
railroad
2 Coal February San Juan de Mine shaft 201 12
mine 27, 1908 Sabinas, completely
Coahuila, Mexico | collapses
3 Coal September | Palau Coal Mine, | Explosion and 100 8
mine 30, 1908 Coahuila, Mexico | fire collapse
multiple shafts
4 Coal February Stanley, Explosion and 168 11
mine 16, 1909 England fire destroys
entire mine
5 Coal November | Cherry, lllinois, Fire and 259 42
mine 13, 1909 USA explosion
collapse
multiple shafts
6 Coal October Dawson, New Fire induces 263 5
mine 22,1913 Mexico, USA explosion that
buries workers

53 Much of the materials in this section are taken West, H.H. and M.S. Mannan, Texas A&M University:
LNG Safety Practice & Regulation: From 1944 East Ohio Tragedy to Today’s Safety Record, AIChE
meeting, April 2001 and CH-1V International: Safety History of International LNG Operations,
November 2002.

54 Juckett, Don, U.S. Department of Energy, Properties of LNG. LNG Workshop, MD, 2002.

LNG Safety and Security - 66 —






Facility Date Location Description Fatalities Cost
($millions)
7 Coal October Cardiff, Wales Mine shaft 439 12
mine 14, 1913 completely
collapses
8 Coal June 19, Hillcrest, Fire and 189 7
mine 1914 Alberta, Canada | explosion
collapse
multiple shafts
9 Coal June 5, Wilkes-Barre, Underground 92 3
mine 1919 Pennsylvania, explosion
USA collapses facility
18 | LNG October Cleveland, Ohio, | Explosion at 130 890
Plant 20, 1944 USA LNG Facility
destroys 1
square mile of
Cleveland
33 | LNG May 3, Canvey lIsland, Explosion during | 1 2
facility 1965 UK LNG transfer
operation
51 | LNG March 18, La Spezia LNG The LNG vessel | O 1
facility 1971 Import Esso Brega
Terminal, Italy leaks 2000 tons
of fuel
64 | LNG February Staten Island, LNG pipeline 40 15
facility 10, 1973 New York, USA leaks at
industrial facility
causing fire and
explosion
95 | LNG April 18, Arzew, Algeria LNG releases 1 1
facility 1977 from storage
facility, causing
fire and
explosion
113 | LNG October 6, | Cove Point, Fire and 1 9
facility 1979 Maryland, USA explosion at
Cove Point LNG
facility
183 | LNG May 10, Boston, LNG facility 0 12
facility 1988 Massachusetts, spills 30,000 gal
USA
212 | LNG December Bontang, LNG facility 0 15
facility 20, 1993 Indonesia leaks fuel into
underground
sewer system
263 | LNG January Skikda, Algeria Explosion and 27 54
facility 19, 2004 fire occur at
Skikda LNG
facility

Source: Benjamin K. Sovacool, “The costs of failure: A preliminary assessment of major energy accidents, 1907—
2007, Energy Policy 36 (2008) 1802-1820
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In fact, recent study®® showed that LNG industry proved to be the safest one among
all energy-related sectors both in terms of social and economic costs in the past
century (see Figure 28 below). The study analyzed major 279 incidents world-wide

that have been responsible for $41 billion in property damage and 182,156 deaths.

Figure 28. Energy accident fatalities by source, 1907—-2007

Source: Benjamin K. Sovacool, “The costs of failure: A preliminary assessment of major energy accidents, 1907-2007”". Energy
Policy 36 (2008) 1802-1820

H.H. West and M.S. Mannan of Texas A&M University®® concluded that “The
worldwide LNG industry has compiled an enviable safety record based on the
diligent industry safety analysis and the development of appropriate industrial
safety regulations and standards.” Below is a brief description of significant

incidents that have occurred at LNG facilities.

Cleveland, Ohio, 1944

In 1939, the first commercial LNG peak shaving facility was built in West Virginia.

In 1941, the East Ohio Gas Company built a second facility in Cleveland. The peak
shaving facility operated without incident until 1944, when the facility was
expanded to include a larger tank. A shortage of stainless steel alloys during World

War Il led to compromises in the design of the new tank. The tank failed shortly

55 Benjamin K. Sovacool, “The costs of failure: A preliminary assessment of major energy accidents,
1907—-2007”, Energy Policy 36 (2008) 1802—-1820.
56 See footnote 53.
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after it was placed in service. The LNG that escaped formed a vapor cloud that filled
the surrounding streets and storm sewer system. Natural gas vapor in the storm
sewer system was ignited. The Cleveland event resulted in the deaths of 128
people in the adjoining residential area. The investigating body, the U.S. Bureau of
Mines, concluded that the concept of liquefying and storing LNG was still valid if

"proper precautions were observed."*’

Staten Island, New York, February 1973

In February 1973, an industrial incident unrelated to the presence of LNG occurred

at the Texas Eastern Transmission Company peak shaving facility on Staten Island.
In February 1972, the operators, suspecting a possible leak in the tank, took the
facility out of service. Once the LNG tank was emptied, tears were found in the
mylar lining. During the repairs the mylar liner was ignited. The resulting fire
caused the temperature in the tank to rise, generating enough pressure to dislodge
a 6-inch thick concrete roof, which then fell on the workers in the tank, killing 40

people.

The Fire Department of the City of New York report of July 1973°® determined that
the incident was clearly a construction incident and not an "LNG incident.” In 1998,
the New York Planning Board, while re-evaluating a moratorium on LNG facilities,
concluded the following: “The government regulations and industry operating
practices now in place would prevent a replication of this incident. The fire involved
combustible construction materials and a tank design that are now prohibited.
Although the exact causes may never be known, it is certain that LNG was not
involved in the incident and the surrounding areas outside the facility were not

exposed to risk.”>®

57 U.S. Bureau of Mines, Report on the Investigation of the Fire at the Liquefaction, Storage, and Re-
gasification Facility of the East Ohio Gas Co., Cleveland, Ohio, October 20, 1944, February 1946.

58 Fire Department of the City of New York, Report of Texas Eastern LNG Tank Fatal Fire and Roof
Collapse, February 10, 1973, July 1973.

5% New York Energy Planning Board, Report on Issues Regarding the Existing New York Liquefied
Natural Gas Moratorium, November 1998.
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Cove Point, Maryland, October 1979°°

In October 1979, an explosion occurred within an electrical substation at the Cove

Point, MD receiving terminal. LNG leaked through an inadequately tightened LNG
pump electrical penetration seal, vaporized, passed through 200 feet of
underground electrical conduit, and entered the substation. Since natural gas was
never expected in this building, there were no gas detectors installed. The normal
arcing contacts of a circuit breaker ignited the natural gas-air mixture, resulting in
an explosion. The explosion killed one operator in the building, seriously injured a

second and caused about $3 million in damages.

This was an isolated incident caused by a very specific set of circumstances. The
National Transportation Safety Board®" found that the Cove Point Terminal was
designed and constructed in conformance with all appropriate regulations and
codes. However, as a result of this incident, three major design code changes were
made at the Cove Point facility prior to reopening. Today, those changes are now

applicable industry-wide.

Given all of the safety and security measures provided in the LNG value chain,
there is a low probability of a serious incident. However the consequences of
failure at land-based terminals, as with other energy facilities, can be quite large if

proper safety precautions and protections are not employed.

The small number of safety incidents that have occurred demonstrates the
outstanding safety of the LNG industry. A table at the end of this appendix lists
other LNG related incidents, along with some of the critical improvements that have

been made.

LNG Vehicle Incidents

A methane explosion occurred inside an LNG-powered 60-foot articulated bus

during servicing on December 6, 1992. The vehicle had just been delivered and

was being readied for operation on LNG. The manufacturer's representative was

50 The content in this section is taken from CH-1V International Report Safety History of International
LNG Operations, June 2002.

51 National Transportation Safety Board Report, Columbia LNG Corporation Explosion and Fire; Cove
Point, MD; October 6, 1979, NTSB-PAR-80-2, April 16, 1980.
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repairing a natural gas fuel system leak when a combustible gas detector located
onboard the vehicle sounded an alarm. Although such repairs are supposed to be
performed outdoors, because of inclement weather, the mechanic did the work in a
normal bus repair bay. After becoming aware of the leak, he used a switch to
override the alarm and start the bus in order to move the bus outside. However,
when the bus was started, a relay in the air conditioning system ignited a
flammable methane-air mixture that had accumulated in the interior of the bus.
The resulting explosion blew out all of the windows on the bus as well as the roof

hatches and the bellows. The mechanic was unharmed.
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Table 5. Major LNG Incidents®?

Incident Ship / Location Ship Status Injuries/ Ship/ LNG Comment
Date Facility Name Fatalities Property Spill/
Damage Release
1944 East Ohio Gas Cleveland NA 128 deaths | NA NA Tank failure and no earthen berm. Vapor cloud
LNG Tank formed and filled the surrounding streets and storm
sewer system. Natural gas in the vaporizing LNG pool
ignited.
1965 Canvey A transfer 1 seriously Yes
Island, UK operation burned
1965 Jules Vernet Loading No Yes Yes Overfilling. Tank cover and deck fractures.
1965 Methane Disconnecting No Yes Yes Valve leakage. Deck fractures.
Princess after discharge
1971 LNG ship Esso Italy Unloading LNG NA NA Yes First documented LNG Rollover incident. Tank
Brega, into the storage developed a sudden increase in pressure. LNG vapor
La Spezia LNG tank discharged from the tank safety valves and vents.
Import Terminal Tank roof slightly damaged. No ignition
1973 Texas Eastern Staten NA 40 Kkilled No No Industrial incident unrelated to the presence of LNG.
Transmission, Island During the repairs, vapors associated with the
LNG Tank cleaning process apparently ignited the mylar liner.
Fire caused temperature in the tank to rise,
generating enough pressure to dislodge a 6-inch thick
concrete roof, which then fell on the workers in the
tank.
1973 Canvey NA No Yes Yes Glass breakage. Small amount of LNG spilled upon a
Island, UK puddle of rainwater, and the resulting flameless vapor
explosion, called a rapid phase transition (RPT),
caused the loud "booms.” No injuries resulted.
1974 Massachusetts Loading No Yes Yes Valve leakage. Deck fractures.
1974 Methane In port No Yes No Touched bottom at Arzew.
Progress
1975 Philadelphia Gas NA No Yes NA Not caused by LNG.
Works An iso-pentane intermediate heat transfer fluid leak
caught fire and burned the entire vaporizer area.
1977 Arzew Algeria NA 1 worker NA Yes Aluminum valve failure on contact with cryogenic
frozen to temperatures. Wrong aluminum alloy on replacement
death valve. LNG released, but no vapor ignition.
1977 LNG Aquarius Loading No No Yes Tank overfilled.

52 Much of the materials in this section are taken from Lloyd’s Register’s Risk Assessment Review of the Marine Transportation of Liquefied
Natural Gas, STD Report #3000-1-2, September 1992; West, H.H. and M.S. Mannan, Texas A&M University: LNG Safety Practice &

Regulation: From 1944 East Ohio Tragedy to Today’s Safety Record, AIChE meeting, April 2001 and CH-1V International: Safety History of
International LNG Operations, November 2002.
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Incident Ship /7 Location Ship Status Injuries/ Ship/ LNG Comment
Date Facility Name Fatalities Property Spill/
Damage Release

1979 Columbia Gas Cove Point, | NA 1 killed Yes Yes An explosion occurred within an electrical substation.

LNG Terminal Maryland 1 seriously LNG leaked through LNG pump electrical penetration

injured seal, vaporized, passed through 200 feet of

underground electrical conduit, and entered the
substation. Since natural gas was never expected in
this building, there were no gas detectors installed in
the building. The normal arcing contacts of a circuit
breaker ignited the natural gas-air mixture, resulting
in an explosion.

1979 Mostefa Ben- ? Unloading No Yes Yes Valve leakage. Deck fractures.

Boulaid Ship

1979 Pollenger Ship ? Unloading No Yes Yes Valve leakage. Tank cover plate fractures.

1979 El Paso Paul At sea No Yes No Stranded. Severe damage to bottom, ballast tanks,
Kayser Ship motors water damaged, bottom of containment

system set up.

1980 LNG Libra At sea No Yes No Shaft moved against rudder. Tail shaft fractured.

1980 LNG Taurus In port No Yes No Stranded. Ballast tanks all flooded and listing.

Extensive bottom damage.
1984 Melrose At sea No Yes No Fire in engine room. No structural damage sustained
— limited to engine room.

1985 Gradinia In port No Not No Steering gear failure. No details of damage reported.

reported

1985 Isabella Unloading No Yes Yes Cargo valve failure. Cargo overflow. Deck fractures.

1989 Tellier Loading No Yes Yes Broke moorings. Hull and deck fractures.

1990 Bachir Chihani At sea No Yes No Sustained structural cracks allegedly caused by

stressing and fatigue in inner hull.

1993 Indonesian Indonesia NA No NA NA LNG leak from open run-down line during a pipe
liquefaction modification project. LNG entered an underground
facility concrete storm sewer system and underwent a rapid

vapor expansion that overpressured and ruptured the
sewer pipes. Storm sewer system substantially
damaged.

2002 LNG ship East of the At sea No Yes No Collision with a U.S. Navy nuclear-powered attack
Norman Lady Strait of submarine, the U.S.S Oklahoma City. In ballast

Gibraltar condition. Ship suffered a leakage of seawater into
the double bottom dry tank area.

2004 Skikda LNG Algeria NA Yes Yes Yes Unit 40 at the Skikda LNG plant exploded. Within
terminal seconds, the adjacent Units 20 and 30 also exploded

in an apparent chain reaction. The blast spread
outward, damaging surrounding structures and
facilities--including a nearby power plant, one of the
berths at the Skikda harbor and numerous homes and
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Incident Ship /7 Location Ship Status Injuries/ Ship/ LNG Comment
Date Facility Name Fatalities Property Spill/
Damage Release
other buildings in the community.

2009 South Hook LNG | UK NA No No Yes A maximum of ten litres of LNG was spilled and

terminal “immediately vapourised”, because of the unintended
activation of the emergency shutdown system, which
caused powered emergency release couplings to
separate, discharging LNG.

2010 Montoir de France Unloading No Yes No The incident occurred when liquid passed into the gas
Bretagne take-off line during discharge operations. The damage
terminal sustained extended to part of the ship's manifold and

its feed lines.

2010 Withnell Bay Australia Loading No Yes Yes The ship suffered cryogenic burns when 2,000 to
facility 4,000 litres of LNG were spilt.

2011 Yung An LNG Taiwan Unloading No NA NA The vessel's master decided to suspend the discharge
terminal and move the ship off the berth but the problems

were eventually rectified and the vessel returned to
complete the discharge of its cargo.

2011 Pyeongtaek LNG | South Unloading No Yes Yes The ship disconnected from the berth after what was
terminal Korea described as a very small leak of LNG was reported

around the top of one emergency release coupler
shortly after a scheduled overhaul of the unloading
arms had been completed. Seals and ball valves were
replaced on the unloading arms and discharge
recommenced using the remaining two arms.
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APPENDIX 6: GLOSSARY OF TERMS%3:64

TERM

DEFINITION

Autoignition
temperature

The lowest temperature at which a gas will ignite after an extended time of exposure
(e.g., several minutes).

British Thermal

A BTU is the amount of heat required to change the temperature of one pound of water by

Unit (BTU) one degree Fahrenheit.

Cryogenic Refers to low temperature and low temperature technology. There is no precise
temperature for an upper boundary but -100°F is often used.

Density A description of oil by measurement of its volume to weight ratio.

Explosion The sudden release or creation of pressure and generation of high temperature as a result
of a rapid change in chemical state (usually burning), or a mechanical failure.

Fahrenheit A temperature scale according to which water boils at 212 and freezes at 32 Fahrenheit

degrees (F)

degrees. Convert to Centigrade degrees (C) by the following formula: (F-32)/1.8= C.

Flammability
limit

Of a fuel is the concentration of fuel (by volume) that must be present in air for an
ignition to occur when an ignition source is present.

Impoundment

Spill control for tank content designed to limit the liquid travel in case of release. May
also refer to spill control for LNG piping or transfer operations.

Middle distillates

Products heavier than motor gasoline/naphtha and lighter than residual fuel oil. This
range includes heating oil, diesel, kerosene, and jet kero.

Mole Percent

Mole is a short form of molecular weight. Mole fraction or mole percent is the number of
moles of a component of a mixture divided by the total number of moles in the mixture.

MTPA Million Tonnes per Annum. Tonnes or Metric Ton is approximately 2.47 cubic meter of
LNG.
MW Molecular Weight

Peak shaving
LNG Facility

A facility for both storing and vaporizing LNG intended to operate on an intermittent basis
to meet relatively short term peak gas demands. A peak shaving facility may also have
liguefaction capacity, which is usually quite small compared to vaporization capacity at
such facility.

Risk and hazard

Risk and hazard are not the same. Risk means the realization of potential damage, injury
or loss; hazard means a condition with potential for initiating an incident or incident.

53 phillips Petroleum Company.
54 poten & Partners, http://www.poten.com/?URL=ut_glossary.asp.
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TERM

DEFINITION

Stranded Gas

Gas that is not near a customer and therefore does not justify the construction of a
pipeline.

Sweetening

Processing to remove sulfur. Hydrodesulfurization, for instance, can produce sweet
catalytic cracker materials useful for the production of fuels and chemicals. Caustic
washing can sweeten sour natural gasolines to make them suitable for motor gasoline

blending.
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APPENDIX 7: CONVERSION TABLE

To
biIIio_n billion cubic million million tri_lli_on million
cubic tonnes tonnes British barrels
Natural gas and LNG mEtLleé feet NG equivale(r):tl LNG thel:rr?i?sl equivale(:ll':
From Multiply by
1 billion cubic metres NG 1 35.3 0.90 0.73 36 6.29
1 billion cubic feet NG 0.028 1 0.026 0.021 1.03 0.18
1 million tonnes oil equivalent 1.111 39.2 1 0.805 40.4 7.33
1 million tonnes LNG 1.38 48.7 1.23 1 52.0 8.68
1 trillion British thermal units 0.028 0.98 0.025 0.02 1 0.17
1 million barrels oil equivalent 0.16 5.61 0.14 0.12 5.8 1
To
tonnes u.S. tonnes/
Crude oil* (metric) kilolitres barrels gallons year
From Multiply by
Tonnes (metric) 1 1.165 7.33 307.86 —
Kilolitres 0.8581 1 6.2898 264.17 —
Barrels 0.1364 0.159 1 42 -
U.S. gallons 0.00325 0.0038 0.0238 1 —
Barrels/day - - - - 49.8
*Ba§ed on worldwide average
gravity.
To convert
barrels tonnes kilolitres tonnes
Products to tonnes to barrels to tonnes kilolitr;Z
Multiply by
LPG 0.086 11.6 0.542 1.844
Gasoline 0.118 8.5 0.740 1.351
Distillate fuel oil 0.133 7.5 0.839 1.192
Residual fuel oil 0.149 6.7 0.939 1.065

Example: To convert FROM 1 million tons of LNG TO billion cubic feet of natural gas, multiply by 48.7 (100 million
tons of LNG equals roughly 5000 billion cubic feet of natural gas).
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Units Calorific equivalents

1 metric tonne = 2204.62 Ib. One tonne of oil equivalent equals approximately:
= 1.1023 short tons Heat units 10 million kilocalories

1 kilolitre = 6.2898 barrels 42 gigajoules

1 kilolitre = 1 cubic metre 40 million Btu

1 kilocalorie (kcal) = 4.187 kJ = 3.968 Btu Solid fuels 1.5 tonnes of hard coal

1 kilojoule (kJ) = 0.239 kcal = 0.948 Btu 3 tonnes of lignite

1 British thermal unit (Btu) = 0.252 kcal = 1.055 kJ Gaseous fuels See Natural gas and LNG table
1 kilowatt-hour (kWh) = 860 kcal = 3600 kJ = 3412 Btu Electricity 12 megawatt-hours

One million tonnes of oil produces about 4500 gigawatt-hours

(=4.5 terawatt hours) of electricity in a modern power station.

The conversion factors above are taken from BP Statistical Review of World Energy 2003,
which is available at http://www.bp.com/centres/energy/definitions/units.asp.
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		Web		No		E-2011010284		A hazardous material incident		1/24/2011		1240						LONG BEACH		LOS ANGELES		CA		90813		US		1234 West Cowles St.		Highway		Unloading		IXL PROPANE, INC.		512 INDUSTRIAL WAY		MOLALLA		OR		97038-9363		461817		051810551040SU		US		PROMETHEUS ENERGY GROUP, INC.		8511 154TH AVE NE BLDG 1		REDMOND		WA		98052-3557		US		11-1092				MOAB		UTAH		84532		US		LONG BEACH		CALIFORNIA		90813		US		METHANE, REFRIGERATED LI		METHANE, REFRIGERATED LIQUID (CRYOGENIC LIQUID) OR NATURAL GAS, REFRIGERATED LIQUID (CRYOGENIC LIQUID), WITH HIGH METHANE CONTENT)		LNG		UN1972		2.1				1270		LGA		No				No				No				No		Cargo Tank Motor Vehicle (CTMV)		119		Frangible Disc		303		Burst or Ruptured		508		Defective Component or Device		MC 338								11000		LGA		9311		LGA		1		Russell		3/16/1972 0:00		922		10/6/2010 0:00				75		PSI		0.403		INCH		0.5		INCH		0				No		Rupture Disc										0				0				0		0				FALSE										0		0								No		No		No		No		Yes		No		No		No		No						No		No		Yes		2540		0		0		0		0		0		No		0		0		0		No		0		No		0		0		0		0		0		No		0		0		No		0		No		0				No		No		0		0		0		No						No		No		No		No		No		ROBERT COX		PRESIDENT		PO Box 210 512 Industrial Way		Molalla		OR		97038		Carrier		Driver arrived at destination, began offloading product. Product began to vent from vent stack at rear of trailer. Driver closed discharge valve and shut down offloading procedure. Driver disconnected delivery hose and moved trailer away from loading dock to a safe location.  Driver determined the cause of product venting was from a failed rupture disc. The rupture disc is flange mounted and is located at the rear of the trailer in the secondary pressure relief system piping.  Duration of product release was approximately five hours.   A replacement disc was delivered to the site, an engineer was called to the location, failed rupture disc was replaced, abating the release of product.				No		TANK CRYO		Cargo tanks for cryogenic liquids		MC338		Yes														1		0		0		0		0		0		0		No		No		No		No		No		No		Yes		No		No		2540		IXL Transportation Services		US		

		Paper		No		I-1984040386		A hazardous material incident		4/11/1984								TORRINGTON				CT				US				Highway		Not Available		TRANSGAS INC.				N/A				N/A		0				UNKNOWN		DISTRIGAS (CT LIGHT & POWER)				MENDENHALL		MS		39114		US						UNKNOWN		MISSISSIPPI		UNKNOWN		US		TORRINGTON		CONNECTICUT				US		METHANE, REFRIGERATED LI		METHANE, REFRIGERATED LIQUID (CRYOGENIC LIQUID) OR NATURAL GAS, REFRIGERATED LIQUID (CRYOGENIC LIQUID), WITH HIGH METHANE CONTENT)				UN1972		2.1				0				No				No				No				No		Portable Tank																						0				0				1		NOT REPORTED BY CARRIER		0-00-00 00:00:00				2/24/1983 0:00				0				0				0				0				No												0				0				0		0				FALSE										0		0								No		Yes		No		No		No		No		No		No		No						No		No		No		0		0		0		0		0		0		No		0		0		0		No		0		No		0		0		0		0		0		No		0		0		No		0		No		0				No		No		0		0		1		No						No		No		No		No		No		N/A		N/A		N/A		N/A		N/A		N/A				OUR VEHICLE ARRIVED AT CONNECTICUT LIGHT AND POWER LNG STORAGE FACILITY AT 12:45 PM.  PLANT OPERATOR WAS NOT THERE.  OPERATOR ARRIVED AT 1:15 PM. THE DRIVER ENTERED THE PLANT AND PROCEEDED TO THE UNLOADING AREA WHERE DRIVER CHOCKED WHEELS.  UNDER THE SUPERVISION OF THE PLANT OPERATOR, THE DRIVER CONNECTED THE MAIN LIQUID AND VAPOR RETURN LINES FROM THE STORAGE TANK TO THE TRAILER.  THE PLANT OPERATOR DIRECTED THE DRIVER TO OPEN THE MAIN LIQUI D AND VAPOR RETURN LINES.  AFTER APPROXIMATELY 5 MINUTES OF CIRCULATING LIQ UID THROUGH THE PUMP AND BACK INTO THE TRAILER, THE DRIVER WAS ASKED BY THE OPERATOR TO BUILD UP THE TRAILER PRESSURE TO ABOUT 40 POUNDS.  WHEN PRESSUR E REACHED 30 POUNDS DRIVER CLOSED VALVE AND WAITED FOR FURTHER INSTRUCTIONS WHILE THIS PROCEDURE WAS BEING CARRIED OUT A LARGE AMOUNT OF VAPOR WAS COM- ING OUT OF THE RELIEF VALVE PIPE ABOVE THE PUMP AREA.  WHILE WAITING FOR PUMP TO COOL DOWN OPERATOR CAME UP TO BACK OF TRAILER WHERE THE DRIVER WAS STANDING WHEN SUDDENLY A LARGE FIRE BROKE OUT.  THE DRIVER IMMEDIATELY CLO- SED THE MAIN LIQUED AND VAPOR RETURN VALVE AND LEFT THE BURN AREA. THE EN- SUING FIRE COMPLETELY DESTROYED THE TRACTOR AND EXTENSIVELY DAMAGED THE TRAILER.  AT NO TIME DID THE TRAILER FAIL TO HOLD PRESSURE.  THE REMAINING CARGO IN THE TANK WAS PRESSURE TRANSFERRED TO ANOTHER TRAILER AND DELIVERED TO THE WATERBURY CONNECTICUT LNG STORAGE FACILITY.				No		TANK		Tank trailer, semi-trailer or full trailer (two axles)		TANK TRL		Yes														1		0		0		0		0		-1		0		No		No		No		No		No		No		No		No		No		0		N/A		N/A		

		Paper		No		I-1996071330		A hazardous material incident		6/16/1996		2130						NEWTOWN		FAIRFIELD		CT				US		84 W		Highway		In Transit		L.P. TRANSPORTATION, INC.		54 BROOKSIDE AVE		CHESTER		NY		10918-1348		18644				US		DISTRIGAS OF MASSACHUSETTS LLC		18 ROVER ST		EVERETT		MA		02149-5534		US		70777				EVERETT		MASSACHUSETTS		2149		US		WALL		NEW JERSEY		7719		US		METHANE, REFRIGERATED LI		METHANE, REFRIGERATED LIQUID (CRYOGENIC LIQUID) OR NATURAL GAS, REFRIGERATED LIQUID (CRYOGENIC LIQUID), WITH HIGH METHANE CONTENT)				UN1972		2.1				0.40104		GCF		No				No				No				No		Cargo Tank Motor Vehicle (CTMV)		102; 141		Auxiliary Valve; Piping or Fittings		;		;		526; 508		Loose Closure, Component, or Device; Defective Component or Device										1537.3199		GCF		0				1		LUX MANUFACTURING		0-00-00 00:00:00		SN7385		0-00-00 00:00:00				0				0				0				0				No												0				0				0		0				FALSE										0		0								Yes		No		No		No		Yes		No		No		No		No						No		No		No		3		0		0		0		0		0		No		0		0		0		No		0		No		0		0		0		0		0		No		0		0		No		0		No		55				No		No		0		0		0		No						No		No		No		No		No		TODD ELDRED		SAFETY DIR												DRIVER WAS TRAVELING IN ROUTE TO DESTINATION WHEN HE NOTICED A LEAK ON THE REAR OF HIS TANK.  THE DRIVER PULLED OVER IN A REMOTE AREA.  UPON INVESTIGATION, IT WAS DETERMINED THAT THE COOL DOWN VALVE HAD VIBRATED OPEN SLIGHTLY CAUSING IT TO LEAK.  THE VALVE WAS CLOSED AND THE LEAK STOPPED.  INSTITUTED A NEW COMPANY POLICY THAT ALL VALVES BE RETIGHTENED AT TIRE CHECK INTERVALS (2 HOURS OF CONTINUED DRIVING OR 100 MILES - WHICHEVER IS LESS)				No		TANK CRYO		Cargo tanks for cryogenic liquids		MC338		Yes														1		0		0		0		0		0		0		No		No		No		No		No		No		No		No		No		3				US		

		Paper		No		I-1998110448		A hazardous material incident		10/5/1998		2200						WOBURN		MIDDLESEX		MA				US		95/128 SOUTHBOUND		Highway		In Transit		TRANSGAS INC		87 INDUSTRIAL AVE E		LOWELL		MA		01852-5193		68283				US		DISTRIGAS OF MASSACHUSETTS LLC		18 ROVER ST		EVERETT		MA		02149-5534		US		B/L # 9609				EVERETT		MASSACHUSETTS				US		ROCKY HILL		CONNECTICUT				US		METHANE, REFRIGERATED LI		METHANE, REFRIGERATED LIQUID (CRYOGENIC LIQUID) OR NATURAL GAS, REFRIGERATED LIQUID (CRYOGENIC LIQUID), WITH HIGH METHANE CONTENT)		LNG		UN1972		2.1				0				No				No				No				No		Cargo Tank Motor Vehicle (CTMV)										537		Vehicular Crash or Accident Damage										13000		LGA		0				1		RUSSELL ENGINEERING		0-00-00 00:00:00		2792		10/1/1998 0:00				0				0				0				0				No												0				0				0		0				FALSE										0		0								No		Yes		No		Yes		No		No		No		No		No						No		No		Yes		0		150000		80000		0		38000		38000		No		0		0		0		No		0		No		0		0		0		0		0		Yes		0		0		No		0		Yes		40				No		No		250		0		0		No						No		No		No		No		No		CHARLES P. BUCKLEY		SENIOR VICE PRESIDENT SAL												FIELD OBSERVATION SUGGESTS THAT VEH #2 CAME IN  CONTACT WITH THE RIGHT SIDE OF VEH #1 (TRANSGAS). IT ALSO SUGGESTS AN APPARENT SWERVE TO THE LEFT BY TRANSGAS VEH #1 TO AVOID CONTACT WITH VEH #2. VEH #1 ROLLED OVER, DRIVER THROWN FROM CAB WHEN CAB WAS DEMOLISHED AND CAB BURNED WHEN DIESEL  FUEL FROM FUEL TANK IGNITED. CARGO TANK DID NOT FAIL. OUTER JACKET DAMAGED. MASSACHUSETTS STATE POLICE ARE INVESTIGATING THIS ACCIDENT AND A FINAL REPORT IS NOT YET ISSUED.				No		TANK CRYO		Cargo tanks for cryogenic liquids		MC338		Yes														1		0		0		0		0		0		0		No		No		No		No		Yes		No		No		No		No		306000				US		

		Paper		No		I-2002020473		A hazardous material incident		12/28/2001		1940						PHOENIX		MARICOPA		AZ				US		DURANGO & 21ST AVE		Highway		In Transit		JACK B. KELLEY, INC.		3700 S FM 1258		AMARILLO		TX		79118-7247		149333				US		APPLIED LNG TECHNOLOGIES		8181 W 34TH		AMARILLO		TX		79121		US		4469				TOPOCK		ARIZONA				US		PHOENIX		ARIZONA		85030		US		METHANE, REFRIGERATED LI		METHANE, REFRIGERATED LIQUID (CRYOGENIC LIQUID) OR NATURAL GAS, REFRIGERATED LIQUID (CRYOGENIC LIQUID), WITH HIGH METHANE CONTENT)		METHANE		UN1972		2.1				0				No				No				No				No		Cargo Tank Motor Vehicle (CTMV)		125		Hose						537		Vehicular Crash or Accident Damage										11000		LGA		0				1		ALLOY CUSTOM PRODUCTS		0-00-00 00:00:00		1A9PA48261		1/31/2001 0:00				0				0				0				0				No												0				0				0		0				FALSE										0		0								Yes		No		No		No		Yes		No		No		No		No						No		No		Yes		0		15000		0		0		0		0		No		0		0		0		No		0		No		0		0		0		0		0		No		0		0		No		0		Yes		15				No		No		0		0		0		No						No		No		No		No		No		K L DRURY		SAFETY DIRECTOR												DRIVER OF JBK TRACTOR - TRAILER UNIT WAS MAKING A LEFT-HAND TURN WHEN HE SAW AN APPROACHING VEHICLE FROM THE LEFT TRAVELING AT A HIGH RATE OF SPEED. APPROACHING THE VEHICLE WAS A PICK-UP TRUCK, THAT FINALLY APPLIED ITS' BRAKES AND SLID INTO THE BELLY OF THE TRAILER JUST IN FRONT OF THE TANDEM AXLES.  THE IMPACT OF THE PICK-UP CAUSED A 1/4" GAUGE LINE TO BREAK NEAR THE FRONT PRODUCT GAUGE ON THE TRAILER.  THIS ALLOWED A SMALL AMOUNT OF RESIDUAL VAPOR TO ESCAPE TO THE ATMOSPHERE.  THE CARGO TANK HAD JUST BEEN UNLOADED AND CONTAINED A SMALL AMOUNT OF VAPOR ONLY.  WHILE UNDER THE CONTROL OF EMERGENCY RESPONDERS, JBK DRIVER WAS ALLOWED TO VENT THE RESIDUAL PRODUCT VAPOR TO THE ATMOSPHERE TO ALLEVIATE ANY PRESSURE BUILDING CAPABILITIES.  TRACTOR-TRAILER UNIT WAS INSPECTED AND ALLOWED TO BE REMOVED BY THE DRIVER TO HIS TERMINAL IN TUCSON, AZ.  COMPANY MAINTENANCE PERSONNEL WILL EXAMINE THIS CARGO TANK AND REPAIRS WILL BE MADE BY A CERTIFIED REPAIR FACILITY.  THIS ACCIDENT WILL BE REVIEWED BY JBK SAFETY PERSONNEL AND DISCUSSED AT MONTHLY SAFETY MEETINGS.				No		TANK CRYO		Cargo tanks for cryogenic liquids		MC338		Yes														1		0		0		0		0		0		0		No		No		No		No		No		No		No		No		No		15000				US		

		Paper		No		I-2003050250		A hazardous material incident		9/16/2002		1445		623078				CHATTANOOGA		HAMILTON		TN				US		AMNICOLA HWY		Highway		In Transit		GOOCH TRUCKING COMPANY, INC.		262 HIGHWAY 515 E		BLAIRSVILLE		GA		30512-8578		497012				US		ATLANTA GAS LIGHT COMPANY		10 PEACHTREE PL NE # 1000		ATLANTA		GA		30309-4415		US		216				RIVERDALE		GEORGIA		30274		US		CHATTANOOGA		TENNESSEE		37406		US		METHANE, REFRIGERATED LI		METHANE, REFRIGERATED LIQUID (CRYOGENIC LIQUID) OR NATURAL GAS, REFRIGERATED LIQUID (CRYOGENIC LIQUID), WITH HIGH METHANE CONTENT)		LNC LIQUID NATURAL G		UN1972		2.1				5		LGA		No				No				No				No		Cargo Tank Motor Vehicle (CTMV)		102; 141		Auxiliary Valve; Piping or Fittings		;		;		526;		Loose Closure, Component, or Device;										10000		LGA		0				1		ALLOYCRAFT		0-00-00 00:00:00		6924		0-00-00 00:00:00				0				0				0				0				No												0				0				0		0				FALSE										0		0								No		No		No		No		Yes		No		No		No		No						No		No		No		500		0		0		0		0		0		No		0		0		0		No		0		No		0		0		0		0		0		Yes		0		0		No		0		No		0				No		No		250		0		0		No						No		No		No		No		No		RICHARD LONN		DIR REGULATORY COMPLIANCE												TO PREVENT ANY FUTURE INCIDENTS OF THIS NATURE, ATLANTA GAS LIGHT COMPANY HAS RECENTLY REBUILT ALL THE VALVES ON THE LNG TANKERS.  AT APPROXIMATELY 1430 HOURS ON SEPTEMBER 16, 2002, THE DRIVER OF A SOUTHEASTERN LNG TRUCKING TANKER TRANSPORTING LNG FROM ATLANTA GAS LIGHT COMPANY'S RIVERDALE PLANT TO CHATTANOOGA GAS COMPANY'S LNG PLANT NOTICED THE VEHICLE BEHIND HIM FLASHING HIS LIGHTS.  WHILE FOLLOWING THE TANKER, THE DRIVER HAD NOTICED THAT THE BACK DOORS AT THE REAR OF THE VEHICLE HAD FROSTED OVER AND A SLIGHT CLOUD WAS COMING FROM THE DOORS.  THE DRIVER OF THE VEHICLE FOLLOWING HAD DIALED 911 ON HIS CELL PHONE.  AS THE TANKER DRIVER PULLED OVER, HE REALIZED THAT, MORE THAN LIKELY, THE VALVE LOCATED INSIDE THE DOORS HAD VIBRATED SUCH TO CAUSE IT TO OPEN SLIGHTLY.  ONCE STOPPED, HE PREPARED TO OPEN THE DOORS AND CLOSE THE VALVE.  AT THAT TIME, THE POLICE ARRIVED ON SCENE AND TOLD HIM TO GET AWAY FROM THE VEHICLE.  THE POLICE NOTIFIED THE FIRE DEPARTMENT HAZMAT UNIT, CLOSED THE 3500 BLOCK OF AMNICOLA HIGHWAY, AND BEGAN EVACUATING APPROXIMATELY 250 PEOPLE (ACCORDING TO NEWSPAPER REPORTS).  WHEN HAZMAT ARRIVED, CHIEF NICHOLS NOTIFIED CHRIS YOUNG, SUPERINTENDENT OF THE CHATTANOOGA LNG PLANT.  MR. YOUNG, UPON ARRIVAL, DISCUSSED A PLAN TO CLOSE THE APPARENTLY OPEN VALVE WITH CHIEF NICHOLS.  AFTER BEING OUTFITTED IN PROTECTIVE GEAR, MR. YOUNG, ACCOMPANIED BY TWO FIRE FIGHTERS, CLOSED THE VALVE.  THE TANKER THEN RESUMED ITS ROUTE TO THE CHATTANOOGA LNG PLANT WHILE THE ROAD WAS RE-OPENED.  ROAD CLOSURE IS ESTIMATED AT ONE HOUR.  ONCE AT THE PLANT, 8286 GALLONS OF LNG, AN APPROXIMATE FULL LOAD WAS OFF-LOADED. IT IS ESTIMATED THAT NO MORE THAN 5 GALLONS LEAKED FROM THE OPEN VALVE. THIS INCIDENT WAS COVERED ON THREE LOCAL CHATTANOOGA TELEVISION STATIONS AND WAS REPORTED ON SECTION B, PAGE 5 OF THE CHATTANOOGA TIMES FREE PRESS.				No		TANK CRYO		Cargo tanks for cryogenic liquids		MC338		Yes														1		0		0		0		0		0		0		No		No		No		No		Yes		No		No		No		No		500				US		

		Paper		No		I-2004020381		A hazardous material incident		9/23/2003		430		700451				NEWBERRY SPRINGS		SAN BERNARDINO		CA				US		I-40 MM 22 WESTBOUND		Highway		In Transit		JACK B. KELLEY, INC.		3700 S FM 1258		AMARILLO		TX		79118-7247		149333				US		APPLIED LNG TECHNOLOGIES		P O BOX 51166		AMARILLO		TX		79159		US		TRIP# 545888				TOPOCK		ARIZONA				US		FONTANA		CALIFORNIA				US		METHANE, REFRIGERATED LI		METHANE, REFRIGERATED LIQUID (CRYOGENIC LIQUID) OR NATURAL GAS, REFRIGERATED LIQUID (CRYOGENIC LIQUID), WITH HIGH METHANE CONTENT)		LIQUEFIED NATURAL GA		UN1972		2.1				1		LGA		No				No				No				No		Cargo Tank Motor Vehicle (CTMV)										537		Vehicular Crash or Accident Damage										10000		LGA		0				1		CRYENCO DIV		0-00-00 00:00:00		J048		3/28/2003 0:00				0				0				0				0				No												0				0				0		0				FALSE										0		0								No		No		No		No		Yes		No		No		No		No						No		No		Yes		0		109000		0		0		0		0		No		0		0		0		No		0		No		0		0		0		0		0		Yes		0		0		No		0		Yes		55				No		No		10		0		0		No						No		No		No		No		No		BILL ELLIS		SAFETY OFFICER												THIS ACCIDENT WAS THE RESULT OF THE DRIVER SIMPLY FALLING ASLEEP AT THE WHEEL OF THE TRACTOR PULLING A FULLY LOADED CARGO TANK OF LIQUIFIED NATURAL GAS.  THE DAY OF THIS TRIP WAS THE FIRST FULL DAY BACK AT WORK SINCE BEING OFF FOR THE PREVIOUS 5 DAYS.  THE DRIVER'S WIFE HAD GIVEN BIRTH AND HE HAD BEEN OFF FOR THAT OCCASION.  IT IS BELIEVED, FROM THE DRIVER'S OWN COMMENTS, THAT HE HAD NOT GOTTEN ADEQUATE REST DURING HIS TIME OFF. FATIGUE PLAYED A PRIMARY ROLE IN THIS ACCIDENT.  THERE HAVE NO HOURS OF SERVICE VIOLATIONS IDENTIFIED, NOR WERE THERE ANY MECHANICAL FAILURES FOUND DURING THE INVESTIGATION.  THIS ACCIDENT OCCURRED BECAUSE THE DRIVER FAILED TO COMMUNICATE HIS LACK OF PROPER REST DURING HIS OFF-DUTY TIME.  THIS ACCIDENT WAS DISCUSSED DURING OUR WEEKLY NATIONAL CONFERENCE CALL, AND BECAME A PRIMARY FOCUS OF ALL THE SAFETY MEETINGS HELD THEREAFTER.				No		TANK CRYO		Cargo tanks for cryogenic liquids		MC338		Yes														1		0		0		0		0		0		0		No		No		No		No		Yes		No		No		No		No		109000				US		

		Paper		No		I-2005091036		A hazardous material incident		9/14/2005		300		772445				FERNLEY		LYON		NV				US		500 B TRUCK INN WAY		Highway		In Transit		LOGISTICS EXPRESS		333 S ANITA DR STE 400		ORANGE		CA		92868-3314		9375				US		CLEAN ENERGY FUELS CORP.		4675 MACARTHUR CT STE 800		NEWPORT BEACH		CA		92660-1895		US						UNKNOWN		WYOMING		UNKNOWN		US		FRESNO		CALIFORNIA				US		NATURAL GASES (WITH HIGH		NATURAL GASES (WITH HIGH METHANE CONTENT)		LNG (CRYOGENIC LIQUI		UN1972		2.1				1000		LGA		No				No				No				No		Cargo Tank Motor Vehicle (CTMV)		134		Liquid Valve		308		Leaked		502		Broken Component or Device		NONE GIVEN								11000		LGA		10000		LGA		1		PROCESS ENGINEERING AT 505		1/1/1992 0:00		1R9H1286XPD03902		7/7/2005 0:00				70		PSI		0.377		INCH		0.396		INCH		0				No		FIRE BLOCK VALVE		PROCESS ENGINEERING		MC						0				0				0		0				FALSE										0		0								No		Yes		No		No		No		No		No		No		Yes						No		No		Yes		5000		100000		0		0		0		0		No		0		0		0		No		0		No		0		0		0		0		0		Yes		0		100		Yes		3		No		0				No		No		102		0		0		No						No		No		No		No		No		LESLIE JENSEN		DIR OF SAFETY & TRAINING		333 S ANITA DR #400		ORANGE		CA		92868		Carrier		DRIVER WAS AT TRUCKERS INN, LOCATED IN FERNLEY, NEVADA WHEN HE BECAME AWARE OF A POTENTIAL PROBLEM WITH THE FIRE BLOCK VALVE.  THIS VALVE HAD RECENTLY BEEN REPAIRED, BUT THERE WAS INDICATION THAT A PROBLEM REMAINED.  THE DRIVER CONTACTED HIS TERMINAL MANAGER, WHO ADVISED HIM TO WAIT UNTIL HE COULD CALL THE CUSTOMER'S ENGINEER TO DETERMINE WHAT HE WOULD SUGGEST.  THERE WERE NO VISIBLE LEAKS AT THIS TIME.  OUR DRIVER ANTICIPATED THAT THERE MAYBE A PROBLEM UNLOADING AT THE CUSTOMER IN FRESNO, CALIFORNIA, SO HE WANTED TO SEE IF HE WOULD NEED TO TAKE THE TRAILER IN FOR REPAIRS.  HE DID NOT WANT TO ARRIVE AT THE CUSTOMER AND NOT BE ABLE TO DELIVER.  THE DRIVER CONTACTED THE CUSTOMER'S ENGINEER, WHO ADVISED THE DRIVER TO INSPECT AND REPAIR THE VALVE.  WHICH OUR DRIVER PROCEEDED TO DO.  DURING THE PROCEDURE OUR DRIVER NOTICED THAT THERE WAS PRESSURE AND TOLD THE ENGINEER, WHO TOLD HIM THAT THERE WASN'T MUCH, SO OUR DRIVER CONTINUED.  OUR DRIVER NOTICED LIQUID AND ADVISED THE ENGINEER.  THE ENGINEER STATED THAT THERE SHOULD NOT BE LIQUID THERE AS THIS IS A BALL VALVE.  OUR DRIVER CONTINUED AND THE STEM POPPED OFF FILLING THE AREA WITH LIQUID.  THE DRIVER BACKED AWAY THINKING IT WOUDL SLOW AND HE WOULD THEN BE ABLE TO PUT THE VALVE STEM BACK IN.  WHILE HE WAS STANDING BACK HE KNEW IT WAS NOT GOING TO STOP UNLESS HE WAS ABLE TO PUT THE VALVE STEM BACK IN PLACE AND AT THIS TIME A PERSON WORKING FOR THE TIRE REPAIR BUSINESS AT THIS LOCATIONS CAME FROM THE TRUCK STOP AND ASKED WHAT WAS HAPPENING AND ASKED IF HE SHOULD CALL THE FIRE DEPARTMENT.  THE DRIVER AGREED THAT HE SHOULD DO THAT.  WHEN THE FIRE DEPARTMENT ARRIVED THE DRIVER MENTIONED SEVERAL TIMES TO THE FIRE DEPARTMENT THAT HE WOULD LIKE TO OPEN THE VALVE TO THE VENT STACK TO REDUCE THE PRESSURE SO HE COULD PUT THE VALVE BACK IN PLACE AND THE LEAK WOULD STOP.  THE FIRE DEPARTMENT PROCEDURES WOULD NOT ALLOW HIM TO GO NEAR THE TRAILER.  WHEN HAD AN EMPTY TRAILER ON SITE AT APPROXIMATELY 8:30 PST TO TRANSFER THE PRODUCT.  THE WORSE CASE WAS TO VENT THE GAS FROM THE TRAILER INTO THE EMPTY TRAILER TO REDUCE THE PRESSURE SO WE COULD PUT THE VALVE BACK TOGETHER ON THE LIQUID SIDE.  FIRE DEPARTMENT PROCEDURES WOULD NOT ALLOW THIS TO BE DONE.  EVERYONE WAS MOVED BACK AWAY FROM THE EQUIPMENT.  THE EMERGENCY CREW MUST HAVE BEEN DISCUSSING AN ACTION PLAN AND APPROXIMATELY AN HOUR LATER THE FIREMEN WERE CHECKING THE AIR QUALITY, FIRST UPWIND AND PLACED CONES DOWN APPROXIMATELY 30 FEET FROM OUR EQUIPMENT.  THEY THEN WALKED DOWN WIND AND WERE APPROXIMATELY 50 FEET AWAY NEAR SOME PARKED CARS.  OUR DRIVER SAID THEY JUST GOT BEHIND THE PARKED CARS AND BENT DOWN AND ALL OF A SUDDEN HE NOTICED THE FLAME HEADING TOWARDS THE TRAILER.  EVERYONE WAS THEN TOLD TO LEAVE THE AREA.  IS IS OUR UNDERSTANDING THAT A SPARK WAS GENERATED BY ONE OF THE FIREMEN, WHICH RESULTED IN THE TRAILER CATCHING FIRE.  THE TRAILER BURNED FOR TWO FULL DAYS PRIOR TO THE PRODUCT BURNING OUT.  THE FLAMES WERE AT VALVE PORT WHERE THE STEM WAS MISSING AND		DISCUSSIONS ARE BEING HELD WITH ALL DRIVERS TO REMIND THEM OF THE IMPORTANCE OF NOT ATTEMPTING TO MAKE ANY ROAD REPAIRS.  THE OWNER OF THE TRAILER IS INSPECTING ALL TRAILER OF LIKE MAKE AND MOBEL FOR THE INTEGRITY OF THE VALVE THAT WAS THE CAUSE OF THIS INCIDENT.		No		TANK		Tank truck, tank mounted on truck chassis		TANK TRK		Yes														1		0		0		0		0		0		2		No		No		No		No		Yes		Yes		Yes		No		No		105000				US		

		Paper		No		I-2006060791		A specification cargo tank 1,000 gallons or greater containing any hazardous materials that (1) received structural damage to the lading retention system or damage that requires repair to a system int		5/19/2006		830		797751				HOPKINTON		MIDDLESEX		MA				US		EXIT 11A, I-90 (MASS. TURNPIKE		Highway		In Transit		TRANSGAS INC		87 INDUSTRIAL AVE E		LOWELL		MA		01852-5193		68283		060704550043MN		US		DISTRIGAS OF MASSACHUSETTS LLC		18 ROVER ST		EVERETT		MA		02149-5534		US		145219		61401		EVERETT		MASSACHUSETTS		2149		US		ROCKY HILL		CONNECTICUT		6067		US		METHANE, REFRIGERATED LI		METHANE, REFRIGERATED LIQUID (CRYOGENIC LIQUID) OR NATURAL GAS, REFRIGERATED LIQUID (CRYOGENIC LIQUID), WITH HIGH METHANE CONTENT)		LIQUEFIED NATURAL GA		UN1972		2.1				0				No				No				No				No		Cargo Tank Motor Vehicle (CTMV)						301		Abraded		531		Rollover Accident		MC 338 (DOT)								12500		LGA		10000		LGA		0		PROCESS ENGINEERING INC.		1/1/1982 0:00		C47881		8/26/2004 0:00				70		PSI		0.38		INCH		0.426		INCH		0				No												0				0				0		0				FALSE										0		0								Yes		No		No		No		No		No		No		No		Yes		06/0585		2006-0R1-0496		Yes		Yes		Yes		100		200000		20000		58000		0		0		No		0		0		0		No		0		No		0		0		0		0		0		Yes		6		50		Yes		10		Yes		55		RAIN		Yes		No		50		0		0		No						No		No		No		No		No		CHARLES P. BUCKLEY		EXEC. VICE PRESIDENT & GENERAL MGR		87 INDUSTRIAL AVE., E.		LOWELL		MA		1852		Carrier		Transgas unit #1413-80 was traveling westbound on 1-90 (Massachusetts Turnpike) just east of interchange 1 1A during a rain storm when the unit was cut off by a car. The driver of the CMV, in an attempt to avoid contact, took an evasive action which resulted in the CMV rolling onto its left (DRIVER) side, sliding, and coming to rest across three westbound traffic lanes at a point just west of the interchangel 1A exit ramp.  The CMV consisted of a model year 2002 International 9400i series tractor (#1413) and a model year 1982 Process Engineering, DOT specification MC 338 double walled vacuum insulated cargo tank motor vehicle (#80). The steel outer jacket of the cargo tank motor vehicle was abraded while sliding along the pavement surface, resulting in several fissures in the jacket, a loss of vacuum and a diminution of insulation properties. This caused a slow buildup of pressure in the cargo tank. The primary cargo tank did not fail.  At the time of the incident the trailer was carrying approximately 10,000 gallons of Methane-Refrigerated Liquid at a pressure of 8 psig. The cargo tank Over The Road (“OTR”) valve was in the open position. This valve leads to a pressure regulator with a set to discharge pressure of 19 psig. Normally, the OTR valve and regulator system are connected to the vapor space of the cargo tank. However, when the cargo tank rolled onto its side, the piping system containing the OTR valve and regulator filled with liquid. Because of the loss of vacuum and diminished insulation, the pressure in the cargo tank gradually increased until the set to discharge pressure of the OTR system (19 psig) was reached, causing the regulator to operate and allowing a small stream of Methane Refrigerated Liquid to escape from the vent stack.  At approximately 1000 hours, the Transgas emergency response team arrived and closed the OTR valve system and stopped the flow. Product loss from the OTR is estimated to be less than 10 gallons of liquid which immediately vaporized into the atmosphere.  A second Transgas MC 338 cargo tank motor vehicle was brought to the scene to unload the rolled over tanker. After approximately half of the product was unloaded, the rolled over tanker was righted. Once righted, the remaining product was unloaded into the second tanker.  The damaged tractor was towed from under the damaged tanker and replaced with a second tractor. The damaged tanker was then driven to the Transgas terminal in Lowell, MA.  2006060791		THE TERM "JACKET" SHOULD BE ADDED TO THE LIST OF "wHAT FAILED"  CODES FOR CARGO TANK MOTOR VEHICLES IN THE INSTRUCTIONS FOR OCMPLETING FORM 5800.1.  THE TERM "JACKET" IS DEFINED IN 178.338-1(B) AND IS THE COMPONENT OF A MC-338 CARGO TANK MOTOR VEHICLE THAT IS LIKELY TO BE DAMAGED IN A ROLLOVER ACCIDENT.		No		TANK CRYO		Cargo tanks for cryogenic liquids		MC338		Yes														0		0		0		0		0		0		0		No		No		No		No		Yes		Yes		No		No		No		278100		TRANSGAS INC.		US		

		Paper		No		I-2008010278		A hazardous material incident		12/10/2007		1115		856803				PLYMOUTH		MARSHALL		IN				US		HY 31 NEAR 14TH ROAD		Highway		In Transit		JACK B. KELLEY, INC.		3700 S FM 1258		AMARILLO		TX		79118-7247		149333		061406006049OQ		US		NI ENERGY SERVICES, INC.		2321 N 700 E		ROLLING PRAIRIE		IN		46371-9454		US						ROLLING PRAIRIE		INDIANA		46371		US		KOKOMO		INDIANA		46901		US		NATURAL GASES (WITH HIGH		NATURAL GASES (WITH HIGH METHANE CONTENT)		LIQUID NATURAL GAS		UN1972		2.1				4300		LGA		No				No				No				No		Cargo Tank Motor Vehicle (CTMV)		150		Tank Shell		305		Crushed		537		Vehicular Crash or Accident Damage		MC338								12200		LGA		4300		LGA		1		ALLOY CUSTOM PRODUCTS		0-00-00 00:00:00		V3632		0-00-00 00:00:00				70		PSI		0				0				0				No												0				0				0		0				FALSE										0		0								Yes		No		No		No		Yes		No		No		No		No				900802187		Yes		No		Yes		8469		195000		0		0		0		0		No		0		0		0		No		0		No		0		0		0		0		0		No		0		0		Yes		55		Yes		0		CLEAR DRY SUNNY		No		No		0		0		0		No						No		No		No		No		No		LEE DRURY		SAFETY DIRECTOR		801 S. FILLMORE, STE. 505		AMARILLO		TX		79101		Carrier		Jack B Kelley (JBK) unit was stopped at a Rail Road crossing with 4 way flashers on. JBK unit was struck in the rearby another semi operated by Zeeland Farm Services, Zeeland, Ml. There were no leaks at the time of the accident. Ittook several hours to extract the driver of the second vehicle, approximately 6 hours later the JBK cargo tankdeveloped a leak. The cargo could not be transferred due to the second vehicle being imbedded into the rear of theJBK unit. The decision was made by the incident commander that due to the flammable conditions the cargo tankwould be allowed to leak until all liquid was dissipated. The LNG was allowed to dissipate into the atmosphere. Thescene was secured and numerous emergency vehicles from the fire department remained in attendance. The cargotank stopped leaking at approximately 2:00 PM the next day. The incident commander decided to let the cargo tankstabilize throughout the night. At 07:30 the next morning the cargo tank was purged with Nitrogen, Compressed gas.The JBK and Zeeland units were separated shortly there after and removed from the scene. The cargo tank wastowed to Alloy Custom products in Delphi, In for evaluation.We have received the following written report from AlloyCustom Products describing the cargo tank failure. We have completed the investigation of damages to Unit E073( Serial Number V3632 ) and the damages as a result of the accident that occurred on US 31 nearPlymouthlN. Wehave determined that the liquid natural gas leaked from a crack in the inner vessel shell that was a result of thecollision. The impact force that was imparted upon the rear of the trailer buckled the jacket and caused the reartandem sub frame to translocate forward and upward at the front of the sub frame.		In our opinion and that of the cargo tank manufacturer, the cargo tank held up extremely well under thecircumstances. The cargo tank sustained a massive blow to the rear of the trailer caused by another semi striking therear at approximately 60 MPH. FMCSA regulations require vehicles transporting hazardous materials to stop atrailroad crossings. In this case there is not a pull out area for the vehicle to stop and the stop must be done in theroadway. Our opinion is that rail road crossings should be exempt if they are protected by crossing gates and/orlights.		No		TANK CRYO		Cargo tanks for cryogenic liquids		MC338		Yes														1		0		0		0		0		0		0		No		No		No		No		No		Yes		Yes		No		No		203469		JACK B KELLEY, INC.		US		

		Paper		No		I-2011010151		A hazardous material incident		10/29/2010		1610		958479				TUBA CITY		COCONINO		AZ		86045		US		US 160 MILE POST 314.1		Highway		In Transit		TRIMAC ACTIVE INC		15333 JOHN F KENNEDY BLVD # 800		HOUSTON		TX		77032-2351		256308				US		CLEAN ENEGY - WILLIAMS IGNACID PLANT		3746 COUNTY ROAD 307		DURANGO		CO		81303		US		14463				DURANGO		COLORADO		81301		US		RIVERSIDE		CALIFORNIA		92509		US		METHANE, REFRIGERATED LI		METHANE, REFRIGERATED LIQUID (CRYOGENIC LIQUID) OR NATURAL GAS, REFRIGERATED LIQUID (CRYOGENIC LIQUID), WITH HIGH METHANE CONTENT)				UN1972		2.1				100		LGA		No				No				No				No		Cargo Tank Motor Vehicle (CTMV)														MC338 CARGO TANK, VIN#1A9PA482970503011								10138		LGA		10138		LGA		1				0-00-00 00:00:00				0-00-00 00:00:00				0				0				0				0				No												0				0				0		0				FALSE										0		0								Yes		No		No		No		Yes		No		No		No		Yes				2010-050154		Yes		No		Yes		0		20000		45000		10000		0		0		No		0		0		0		No		0		No		0		0		0		0		0		No		0		0		Yes		2		Yes		65		CLEAR/SUNNY		No		Yes		0		0		0		No						No		No		No		No		No		LESLIE JENSEN		SR. MANAGER SAFETY SERVICE		15333 JOHN F. KENNEDY BLVD., STE. 800		HOUSTON		TX		77032		Carrier		AN APPARENT DRUNK DRIVER HAD A PARTIAL HEAD-ON COLLISION WITH A CARGO TANK MOTOR VEHICLE.  THE CARGO TANK VEHICLE SUSTAINED EXTENSIVE DAMAGE TO MANY AREAS ON ITS LEFT SIDE, INCLUDING 5 FLAT TIRES.  THE CARGO TANK VEHICLE LEFT THE ROADWAY, TRAVELED OVER ROUGH TERRAIN AND CONTINUED THROUGH A RIGHT OF WAY FENCE BEFORE STOPPING ABOUT 200 YARDS FROM CLOSEST PART OF ROAD.  THERE WAS FROSTING, INDICATING A LEAK IN THE TANK, NEAR THE CENTER, BOTTOM, RIGHT OF THE TANK AND VALVING AT THE REAR OF THE TANK.  DUE TO REMOTE LOCATION OF VEHICLE, & SIZE OF LEAK (SMALL), THE VEHICLE WAS LEFT TO SIT & AUTO REFRIGERATE UNTIL IT COULD BE SAFELY OFF LOADED BY OTHER COMPANY EMPLOYEES, TO ANOTHER COMPANY VEHICLE.  UNKNOWN AMOUNT OF PRODUCT ESCAPED FROM TANK, BUT POSSIBLY MOST OF "LEAKAGE" WAS JUST ATMOSPHERIC AIR "NITROGEN" FROM OUTER INSULATING TANK AROUND THE METHANE TANK.  TANK PRESSURE WAS MONITORED UNTIL OFF LOADING CONDUCTED.  PRESSURE CONTINUALLY RISING, BUT DID NOT EXCEED PRESSURE NEEDED TO ACTIVATE RELIEF VALVES.		NO COMMENTS PROVIDED.		No		TANK CRYO		Cargo tanks for cryogenic liquids		MC338		Yes														1		0		0		0		0		0		0		No		No		No		No		No		Yes		No		No		No		75000		TRIMAC TRANSPORTATION SERVICES WESTERN INC.		US		

		Paper		No		I-2013010199		A hazardous material incident		12/16/2012		1145						ASHVILLE		SAINT CLAIR		AL				US		I-595, MM 164		Highway		In Transit		GOOCH TRUCKING COMPANY, INC.		262 HIGHWAY 515 E		BLAIRSVILLE		GA		30512-8578		497012		051712550075UW		US		TRANSCARD, LLC		1301 RIVERFRONT PKWY # 112		CHATTANOOGA		TN		37402-2233		US		118				CHATTANOOGA		TENNESSEE		37416		US		TRUSSVILLE		ALABAMA		35173		US		NATURAL GASES (WITH HIGH		NATURAL GASES (WITH HIGH METHANE CONTENT)				UN1972		2.1				0		GCF		No				No				No				No		Cargo Tank Motor Vehicle (CTMV)														NO MARKINGS GIVEN								0				0				0				0-00-00 00:00:00				0-00-00 00:00:00				0				0				0				0				No												0				0				0		0				FALSE										0		0								No		No		No		No		No		No		Yes		No		No				2710406		Yes		No		Yes		0		22000		0		0		0		0		No		0		0		0		No		0		No		0		0		0		0		0		No		0		0		Yes		15		Yes		60		RAIN		Yes		Yes		0		0		0		No						No		No		No		No		No		JERRI FORRESTER		SAFETY DIRECTOR		262 HIGHWAY 515 EAST		BLAIRSVILLE		GA		30512		Carrier		DRIVER WAS DRIVING SOUTH ON I-59 APPROXIMATELY 11:45PM DRIVER STATED HE REACHED TO GET A BOTTLE OF WATER AND IT DROPPED ONTO THE FLOOR OF TRUCK, RETRIEVE THE BOTTLE, THE LEFT SIDE TIRE LEFT THE PAVEMENT ONTO SHOULDER OF ROAD, WAS MUDDY FROM HEAVY DOWN POUR OF RAIN. DRIVER LOST CONTROL OF TRUCK, OVER TURNING ONTO DRIVERS SIDE. NOTIFIED ALL AUTHORITIES, POLICE, FIRE, HAZMAT.		DRIVER WAS TERMINATED. SAFETY MEETING FOR DRIVERS COMING UP WILL BE ADDITIONAL TRAINING ON ROLL-OVER PREVENTION AND DRIVER SAFETY TRAINING.		No				Cargo tanks		NO MARKI		Yes														0		0		0		0		0		0		0		No		No		No		No		No		Yes		No		No		No		22000		GOOCH TRUCKING COMPANY		US		

		Paper		No		I-2014050175		A hazardous material incident		2/25/2014		2255						BARSTOW		SAN BERNANDINO		CA				US		I40 W/B		Highway		In Transit		LNG TRUCKING INC		2432 S INDIANA ST		LOS ANGELES		CA		90023-4311		0		207395		US		LNG TRUCKING INC		2432 S INDIANA ST		LOS ANGELES		CA		90023-4311		US				207395		TOPOCK		ARIZONA		86436		US		LONG BEACH		CALIFORNIA		90813		US		METHANE, REFRIGERATED LI		METHANE, REFRIGERATED LIQUID (CRYOGENIC LIQUID) OR NATURAL GAS, REFRIGERATED LIQUID (CRYOGENIC LIQUID), WITH HIGH METHANE CONTENT)		LIQUID NATURAL GAS		UN1972		2.1				4625		LGA		No				No				Yes		CA 431368		No		Cargo Tank Motor Vehicle (CTMV)														UN 1972								0				0				0		CVA TANKS		1/1/2011 0:00		1C95C5128BM81089		3/1/2013 0:00				0				0				0				0				No												0				0				0		0				FALSE										0		0								Yes		No		No		No		Yes		No		No		Yes		No				2014-02-0057		No		No		Yes		30000		200000		0		40000		40000		0		No		0		0		0		No		0		No		0		0		0		0		0		Yes		3		12		Yes		8		Yes		55		CLEAR		Yes		Yes		13		0		0		No						No		No		No		No		No		TIM KOSHOLLEK		CONSULTANT		2432 S INDIANA ST		LOS ANGELES		CA		90040		Carrier		LNG VAPORIZED INTO THE AIR. CLEAN UP WAS FROM THE TRACTOR RUNNING FUEL TANK. 75 GAL DIESEL FUEL		NO COMMENTS PROVIDED.		No				Cargo tanks		NO MARKI		Yes														0		0		0		0		0		0		1		No		No		No		No		Yes		Yes		Yes		No		No		310000		LNG TRUCKING INC		US		

		Paper		No		I-2017090018		A hazardous material incident		7/3/2017		1100		1182990				JACKSONVILLE		DUVAL		FL		32226		US		JAXPORT DAMES POINT		Highway		Unloading		GENOX TRANSPORTATION, INC.		2900 E SAN AUGUSTINE ST		DEER PARK		TX		77536-4432		994377				US		PIVOTAL LNG INC.		10 PEACHTREE PL NE # 1000		ATLANTA		GA		30309-4497		US						MACON		GEORGIA		31217		US		JACKSONVILLE		FLORIDA		32226		US		LIQUEFIED NATURAL GAS		LIQUEFIED NATURAL GAS		LNG		UN1972		2.1				0.5		LGA		No				No				No				No		Cargo Tank Motor Vehicle (CTMV)		115		Discharge Valve or Coupling		308		Leaked		515		Human Error		NO MARKINGS GIVEN								0				0				0				0-00-00 00:00:00				0-00-00 00:00:00				0				0				0				0				No												0				0				0		0				FALSE										0		0								Yes		No		No		No		Yes		No		No		No		No						No		No		No		0		0		0		0		0		0		No		0		0		0		No		0		No		0		0		0		0		0		No		0		0		No		0		No		0				No		No		0		0		0		No						No		No		No		No		No		JAMES HOTINGER		DIRECTOR, COMPLIANCE AND QUALITY ASSURANCE		10 PEACHTREE PLACE		ATLANTA		GA		30309		Other-PIVOTAL SERVICE COMPANY		THE LNG RELEASE DID NOT OCCUR AT THE LNG TANKER. THERE WAS NO EQUIPMENT OR PACKAGE FAILURE. THE RELEASE OCCURRED ON THE PUMP SKID DURING THE INITIAL COOL DOWN TO PREPARE THE SKID FOR PUMPING OPERATIONS. THE ROOT CAUSE WAS LOOSE FLANGE BOLTS ON THE PUMP. ONCE THE FLANGE BOLTS WERE TIGHTENED TO THE PROPER TORQUE VALUES, THE RELEASE STOPPED. THE TOTAL AMOUNT OF LNG RELEASED WAS APPROXIMATELY ½ GALLON.		PROCEDURES MODIFIED TO INCLUDE A CHECK OF FLANGE TIGHTNESS PRIOR TO OPERATION.		No				Cargo tanks		NO MARKI		Yes														0		0		0		0		0		0		0		No		No		No		No		No		No		No		No		No		0		SOUTHERN COMPANY GAS		US		

		Paper		No		I-2018040069		A hazardous material incident		3/6/2018		745						NASHVILLE		DAVIDSON		TN		37207		US		3205 WHITES CREEK PIKE		Highway		Unloading		JACK B.KELLEY INC.		4366 MOUNT PLEASANT ST NW		NORTH CANTON		OH		44720-5446		0				US		TRUSSVILLE LNG		7389 GASLINE RD		TRUSSVILLE		AL		35173		US		4525				TRUSSVILLE		ALABAMA		35173		US		NASHVILLE		TENNESSEE		37207		US		METHANE, REFRIGERATED LI		METHANE, REFRIGERATED LIQUID (CRYOGENIC LIQUID) OR NATURAL GAS, REFRIGERATED LIQUID (CRYOGENIC LIQUID), WITH HIGH METHANE CONTENT)		LIQUID NATURAL GAS		UN1972		2.1				10		LGA		No				No				No				No		Cargo Tank Motor Vehicle (CTMV)		157		Valve Stem		306		Failed to Operate		520		Inadequate Maintenance		MC338								12875		LGA		4650		LGA		0		ACPRE		1/1/2002 0:00		1A9PA48222D50305		3/29/2017 0:00				0				0				0				0				No												0				0				0		0				FALSE										0		0								Yes		No		No		No		No		No		No		Yes		No						No		No		No		0		0		0		0		0		0		No		0		0		0		No		0		Yes		0		0		0		1		0		No		0		0		No		0		No		0				No		No		0		0		1		No						No		No		No		No		No		BRIAN WYMER		DIRECTOR, RISK MANAGEMENT		4366 MOUNT PLEASANT STREET		North Canton		OH		44720		Carrier		THE JACK B. KELLEY LLC DRIVER WAS PREPARING TO COMMENCE HIS DELIVERY OF LIQUID NATURAL GAS. A NUT ON A VALVE STEM WAS LOOSE WHICH PREVENTED THE FLOW OF PRODUCT. IN THE PROCESS OF MAKING THE REPAIRS, LIQUID NATURAL GAS SUDDENLY BEGAN TO ESCAPE FROM AN OPEN VALVE. IT IS ESTIMATED THAT LESS THAN 10 GALLONS WAS RELEASED. AN EMPLOYEE OF OUR CUSTOMER WAS STANDING BEHIND THE TRAILER WHEN THE LIQUID NATURAL GAS BEGAN TO BE RELEASED AND WAS SPRAYED. THE EMPLOYEE SUFFERED BURN INJURIES AND WAS TRANSPORTED TO A LOCAL HOSPITAL WHERE WE BELIEVED HE WAS TREATED AND RELEASED. THE SPILL WAS CLEANED UP BY CUSTOMER PERSONNEL. NO FURTHER ENVIRONMENTAL IMPACT IS ANTICIPATED.		JACK B. KELLEY LLC WILL NO LONGER ALLOW UNTRAINED EMPLOYEES PERFORM REPAIRS SUCH AS THIS. FURTHER, JACK B. KELLEY, LLC WILL ENSURE THAT THERE ARE NO PEOPLE AT THE REAR OF THE TRAILER WITHOUT PROPER PPE.		No		TANK		Tank truck, tank mounted on truck chassis		TANK TRK		Yes														0		0		0		1		0		0		0		No		No		No		No		No		No		No		No		No		0		THE KENAN ADVANTAGE GROUP, INC.		US		

		Paper		No		I-2018110038		A hazardous material incident		10/2/2018		1800						EARTH CITY		SAINT LOUIS		MO		63045		US		13818 RIDER TRAIL N		Highway		Unloading		THE KENAN ADVANTAGE GROUP INC		4366 MOUNT PLEASANT ST NW		NORTH CANTON		OH		44720-5446		1489079				US		LNG INDY, LLC		3565 BIG FOUR RD		INDIANAPOLIS		IN		46203-6289		US		369026				INDIANAPOLIS		INDIANA		46203		US		EARTH CITY		MISSOURI		63045		US		NATURAL GASES (WITH HIGH		NATURAL GASES (WITH HIGH METHANE CONTENT)		LIQUID NATURAL GAS		UN1972		2.1				1		LGA		No				No				No				No		Cargo Tank Motor Vehicle (CTMV)														MC 338								18700		LGA		4877.5		LGA		0		ALLOY		1/1/2013 0:00		1A9PA4839D050303		9/28/2018 0:00				0				0				0				0				No												0				0				0		0				FALSE										0		0								Yes		No		No		No		No		No		No		No		No						No		Yes		No		0		0		0		0		0		0		No		0		0		0		No		0		Yes		0		0		0		1		0		No		0		0		No		0		No		0				No		No		0		0		1		No						No		No		No		No		No		BRIAN WYMER		DIRECTOR, RISK MANAGEMENT		4366 MOUNT PLEASANT STREET		North Canton		OH		44720		Carrier		THE KAG MERCHANT GAS GROUP, LLC DRIVER HAD JUST COMPLETED HIS DELIVERY OF LIQUID NATURAL GAS INTO THE CUSTOMER'S STORAGE TANK. THE DRIVER FAILED TO COMPLETELY RELIEVE ALL OF THE PRESSURE FROM THE HOSE PRIOR TO DISCONNECTING IT FROM THE CUSTOMER'S STORAGE TANK. WHEN THE DRIVER REMOVED THE HOSE HE WAS SPRAYED WITH A SMALL AMOUNT OF RESIDUAL LIQUID NATURAL GAS THAT REMAINED IN THE LINE. THE DRIVER SUSTAINED MINOR FACIAL BURNS AND WAS TREATED AND RELEASED AT THE LOCAL HOSPITAL. THE CUSTOMER HANDLED ANY REMEDIATION THAT WAS NECESSARY.		KAG MERCHANT GAS GROUP, LLC WILL CONTINUE TO TRAIN AND ENFORCE SAFE LOADING/UNLOADING POLICIES AND PROCEDURES.		No								No														0		0		0		1		0		0		0		No		No		No		No		No		No		No		No		No		0		THE KENAN ADVANTAGE GROUP, INC.		US		

		Paper		No		I-2019120025		A hazardous material incident		10/25/2019		630						ANAHEIM		ORANGE		CA		92806		US		1231 BLUE GUM ST		Highway		Unloading		KAG MERCHANT GAS GROUP LLC		4366 MT PLEASANT ST		NORTH CANTON		OH		44720		0		061019550299B		US		CLEAN ENERGY FUELS CORP.		4675 MACARTHUR CT STE 800		NEWPORT BEACH		CA		92660-1895		US		CE002435				NEWPORT BEACH		CALIFORNIA		92660		US		ANAHEIM		CALIFORNIA		92806		US		METHANE, REFRIGERATED LI		METHANE, REFRIGERATED LIQUID (CRYOGENIC LIQUID) OR NATURAL GAS, REFRIGERATED LIQUID (CRYOGENIC LIQUID), WITH HIGH METHANE CONTENT)		LIQUID NATURAL GAS		UN1972		2.1				15		LGA		No				No				No				No		Cargo Tank Motor Vehicle (CTMV)														MC338								12874		LGA		4560		LGA		0		ACP		1/1/2007 0:00		1A9PA48237D50302		0-00-00 00:00:00				0				0				0				0				No												0				0				0		0				FALSE										0		0								No		No		No		No		No		No		No		No		Yes		19-6871				No		Yes		Yes		30		0		0		1500		0		0		No		0		0		0		No		0		No		0		0		0		0		0		No		0		0		No		0		No		0				No		No		0		0		0		No						No		No		No		No		No		BRAIN WYMER		DIRECTOR, RISK MANAGEMENT		4366 MOUNT PLEASANT ST NW		NORTH CANTON		OH		44720-5446		Carrier		THE KAG MERCHANT GAS GROUP, LLC DRIVER WAS ATTEMPTING TO DELIVER LIQUID NATURAL GAS INTO THE CUSTOMER'S STORAGE TANK . DURING THE PROCESS, ONE OF THE LOADING/UNLOADING LINES BEGAN TO LEAK AND APPROXIMATELY 15 GALLONS OF LIQUID NATURAL GAS WAS RELEASED. THE ANAHEIM FIRE DEPARTMENT RESPONDED TO THE SCENE AND ASSISTED WITH THE CLEAN-UP. NO FURTHER ENVIRONMENTAL IMPACT IS ANTICIPATED.		KAG MERCHANT GAS GROUP, LLC WILL ENSURE THAT ANY NECESSARY REPAIRS ARE MADE TO THE TRAILER IN ORDER TO PREVENT A RECURRENCE.		No		TANK CRYO		Cargo tanks for cryogenic liquids		MC338		Yes														0		0		0		0		0		0		0		No		No		No		No		No		No		No		No		No		1530		THE KENAN ADVANTAGE GROUP INC		US		






[bookmark: _GoBack]TASK 14: LOADING AND UNLOADING SAFETY ANALYSIS TASK



TASK OVERVIEW



PHMSA and the Federal Railroad Administration (FRA) are evaluating safety concerns in regards to the loading and unloading of liquefied natural gas (LNG) into DOT-113 tank cars to further determine how the transportation of LNG by rail can be made safer. 



BACKGROUND



Loading and unloading operations typically require human intervention in the transportation process which increases the chance for a mistake based on human error.  Controls are put in place to mitigate these risks.  



LNG has a proven transportation safety record in existing approved bulk packagings, such as a UN-approved International Organization for Standardization (ISO) portable tank or a DOT specification cargo tank motor vehicle (CTMV; MC‑338).  



ANALYSIS



PHMSA conducted a multi-facet analysis of current loading and unloading operations for LNG in packagings other than a DOT-113 tank car, as well as the training and equipment needed to safely enable loading and unloading activities.  PHMSA’s review of loading and unloading safety concerns focused on the unique properties of LNG; the existing authorized packaging schemes; and the existing use, performance, and maintenance of DOT-113 tank cars. 

 

· PHMSA analyzed existing literature on safety concerns associated with loading, unloading, or trans-loading of LNG and reviewed 5800.1 Incident Report Forms to determine LNG incident history.  PHMSA noted that the industry has a positive record related to incidents that occur during loading and unloading operations. 

· PHMSA conducted interviews with subject matter experts from PHMSA, FRA, Dixon Valves, and the Environmental Protection Agency (EPA).  

· PHMSA and FRA analyzed the safety concerns of loading, un-loading, and trans-loading LNG to determine if any additional considerations exist and to identify any concerns with tank car fittings.  This safety evaluation focused on the specific risks involved with the intention of enabling the development of training and dissemination of best practices to ensure workplace safety and minimize risks incidental to transportation of LNG.

· PHMSA and FRA engaged liquefaction facilities and current transporters of LNG.  

· PHMSA will obtain additional data to determine the safety issues and concerns in terms of employees training, hardware/mechanical/technical equipment maintenance, and regulatory gaps in regards to the loading and unloading of LNG on rail cars for further consideration.  The results from this effort will make the loading, un-loading, and trans-loading of LNG safer by reducing the number of employee errors.  This safety evaluation will identify and describe the specific risks involved and may enable tailoring of training and dissemination of best practices to ensure workplace safety and minimize the risks incidental to transportation of LNG.



The following areas are important to safe loading and unloading of LNG:

 

· Training:  Training for the transportation of LNG is covered under the general training requirements of the Hazardous Materials Regulations (HMR) as specified in 49 CFR § 172.704.  The HMR requires training in four main areas: General Awareness, Function-Specific, Safety, and Security.  Due to the unique hazards posed by flammable pressurized cryogenic liquids, personnel who perform loading and unloading functions must have appropriate training to address the hazards presented.  Hazmat employers are required to provide the training required by the HMR, but have the ability to tailor the training to the specific needs of the hazmat employee and the company.  

· Mechanical Equipment, Hardware, Fittings, and Hoses:  Means of containment and the equipment used for loading and unloading must be properly maintained and inspected regularly.  Due to a large difference in temperature, the rapid transfer of heat from an object into the cryogenic liquid can cause burns if direct contact of liquid with skin occurs or if Personal Protective Equipment is inadequate to prevent cold-temperature injury during an exposure. Additionally, large spills of the liquid onto metal structures that are not designed to withstand cryogenic temperatures can cause embrittlement and fracturing.  LNG contains no odorant, making it difficult to detect a release.

· Historical Review of Incidents:  PHMSA reviewed the historical incident data for LNG and did not find a significant number of incidents related to loading and unloading activities.  The PHMSA Incident Database contains 17 incident reports involving LNG that were reported from 1984 through March 2020.  A review of the incident data submitted to PHMSA revealed that 6 of the incidents involved loading or unloading operations, resulting in 2 hospitalizations, 0 deaths, and 1significant fire (but the cargo tank did not lose pressure and release the contents).  The other 11 incidents occurred during transit.  



Key Takeaways



LNG has been safely transported via multiple modes for over 50 years.  LNG is currently transported via truck (in multiple packaging schemes) and in UN ISO portable tanks by rail under a Federal Rail Administration (FRA) approval in accordance with the Hazardous Material Regulations (HMR; 49 CFR Parts 171-180).  The transportation safety record for LNG is positive and there is a significant amount of knowledge and experience in transporting LNG.  A strong safety culture is present in the LNG industry and is critical to the safe transportation of LNG via any mode of transportation.  Proper employee training and equipment maintenance are critical to the safe movement of LNG.  The demonstrated safety record of the LNG industry should be demonstrated in all transportation modes, including via rail.



Planned Next Steps



DOT personnel plan to visit a liquefaction and LNG transportation sites in Hialeah, FL (New Fortress Energy) and Jacksonville, FL (JAX LNG) to assess current operating practices, review training materials, review operational procedures, and discuss operating practices with facility personnel.  The findings will inform future analysis and activities preparing for the loading and unloading of LNG on railcar DOT-113.
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Task 14 Loading and Unloading Safety Analysis- Interview Summaries



Sentho White, Director, Engineering and Research, PHMSA OPS

· Ms. White was interviewed on January 28th, 2020.

· Ms. White described the Office of Pipeline Safety’s (OPS) regulatory oversight of LNG facilities and provided background on the OPS regulatory scheme.

· She recommended Subject Matter Experts (SME) who could provide additional information.  This included Mr. Sean Andersen of Dixon Valves and Mr. Mike Khayata of PHMSA OPS. 

· Ms. White also provided the team with an example OPS Failure Report and recommendation for additional literature to review.



Sean Andersen, Product Manager, Dixon Valves

· Mr. Andersen was interviewed on Thursday, February 20th, 2020.

· Mr. Andersen served on the AAR Tank Car Committee and has an expert understanding of the means of containment and service equipment used for the transportation of LNG.

· He provided an overview of the types of equipment that are typically used for LNG transportation and for transportation of cryogenic liquids. 

· The types of fittings and connections that would be used in LNG service are not new forms of hardware and have a long history of safe service.

· Mr. Andersen sated that LNG wasn’t any different than other cryogenics and therefore no special measures are being taken when it comes to the maintenance/replacement of the fittings, connections in terms of loading/unloading for existing transportation of this particular cryogenic.

· A general maintenance program combined with frequent visual inspections is adequate for maintaining the valves, fittings, hoses, and other hardware used in LNG service. 

· Mr. Anderson also stated that most maintenance generally takes place once something is broken and needs replacement. General maintenance is an adequate preventive measure for most valves and fittings in cryogenic service as visual inspections are performed during use and before the main pumping/flow begin in the service equipment. 

· With proper training employees who perform loading and unloading functions (including transloading) can quickly identify potential issues and institute mitigations before a significant issue occurs. 

· Mr. Anderson stressed the importance of valves and fittings being fully functional without any leaks. Any leak could put employee safety at risk due to the freezing temperature of LNG.  Knowledge of the equipment and attention to the necessary process is important to employee safety.  

· Mr. Andersen offered to demonstrate equipment use and maintenance for anyone interested in learning more about the equipment. 

· He also offered to provide PHMSA with additional SMEs based on specific needs or requests.



Mike Khayata, Project Manager, PHMSA OPS and Gary McDonald, Instructor, PHMSA OPS

· Mr. Khayata and Mr. McDonald were interviewed on Tuesday, February 11th, 2020. 

· Mr. Khayata and Mr. McDonald both stated that LNG isn’t significantly different than other cryogenics and therefore no special measures are being taken when it comes to the maintenance/replacement of the fittings, connections in terms of loading/unloading for existing transportation of this particular cryogenic material.

· Both Mr. Khayata and Mr. McDonald stated that it was most likely that a human error could be an issue which may lead to an LNG accident in terms of it being transported via tank car.  

· Ensuring that employees have the proper training is critically important to being able to perform loading and unloading operations safely. 

· [bookmark: _Hlk36798604]Both Mr. Khayata and Mr. McDonald brought up how transloading is another area that needs to be looked at as transloading plays a huge role when it comes to the transportation of cryogenics. The operations would be similar to loading and unloading, as it presents similar risks in similar situations. 

· Both Mr. Khayata and Mr. McDonald stressed that all repairs must be performed by properly Certified or Registered Tank Car Facilities.

· Both Mr. Khayata and Mr. McDonald further stressed on the importance of making sure the pressure relief valves were fully functional specially as that is where employees safety can be compromised due to the freezing temperatures of LNG.

· In regards to the training, both Mr. Khayata and Mr. McDonald stated that there are no additional employee training requirements specific to LNG.

· Clear regulations and requirements are helpful because it eliminates confusion and ambiguity. 

· [bookmark: _GoBack]Good policies and procedures can help mitigate risks.



Jim Belke and Deanne Grant, Environmental Protection Agency (EPA), Office of Emergency Management (OEM)

· Mr. Belke and Ms. Grant were interviewed on March 23rd, 2020.

· Mr. Belke and Ms. Grant provided an overview of EPA’s regulatory authority.  Specifically, they discussed the LNG exclusion for facilities regulated under 49 CFR Part 193.

· They discussed their experience working with PHMSA OPS on terminal licensing and liquifaction.

· They discussed some of their experiences in working with partner federal agencies where regulatory authority either overlaps or transitions between agencies.  One area of familiarity with these types of regulatory situations is when DOT specification tank cars are used for transportation and for non-transportation related storage.  

· Mr. Belke and Ms. Grant state that having well-defined operational controls in place is important to ensuring safety of loading and unloading operations.  While neither of the have significant experience with loading or unloading of LNG from rail cars they felt that the operations were similar to others that they have witnessed. 

· They stressed that having response plans in place ahead of time is critical when attempting to mitigate an incident. 
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I. Background

This whitepaper has been developed by the Volpe Center for PHMSA'’s Research and
Development Office (PHH-23) of the OHMS Engineering and Research Division (PHH-20)
under existing interagency agreement IAA #DTPH5615V00001 to assist OHMS in completing a
transportation study on the impacts associated with new and emerging small scale liquefied
natural gas (LNG) facilities and the LNG powered vehicles they support.

Total dry natural gas production in the United States increased by 35% from 2005 to 2013, with
the natural gas share of total U.S. energy consumption rising from 23% to 28%. Production
growth resulted largely from the development of shale gas resources in the lower 48 states
(including natural gas from tight oil formations).! The abundant supply of domestic natural gas is
driving the rapid development of liquefaction plants, new industrial uses for LNG, and new
vehicles that use LNG as fuel. These developments are driving industry and regulators to
develop transportation packagings and systems to support this growth.

In general, LNG facilities that either receive or deliver natural gas from or to a pipeline are
regulated by 49 CFR Part 192 (Transportation of Natural and Other Gas by Pipeline: Minimum
Federal Safety Standards) and by 49 CFR Part 193 (Liquefied Natural Gas Facilities: Federal
Safety Standards). This whitepaper focuses on the following categories of new and emerging
LNG facilities/operations identified by PHMSA’s Pipeline Safety Office in a May 2014 draft
report that are not regulated under 49 CFR Part 193:

A. LNG marine export/import terminals not supplied by/connected to pipelines regulated by
49 CFR Part 192;

B. Marine cargo transfer system components between the vessel and the last valve on the
storage tank;

C. LNG tanker and carrier ships, LNG tank trucks, and other vehicles (e.g., heavy-duty
trucks, buses, ships, locomotives, and mining vehicles) that consume LNG fuel or
transport LNG;

D. LNG ISO tank containers that are not used as storage vessels at LNG plants connected to
pipelines regulated by 49 CFR Part 192;

E. Natural gas processing plants that do not store the LNG at the plant;

F. Distributed production facilities that use LNG in gas treatment or hydrocarbon extraction
processes but do not store LNG;

G. LNG facilities that store and vaporize LNG produced on-site (such as agriculture and
industry on-site storage and regasification facilities) or LNG supplied by another
transportation mode, as long as the LNG is consumed solely by the LNG facility owner;

H. LNG refueling stations for vehicles that use LNG for fuel,

1 U.s. Department of Energy/U.S. Energy Information Administration (DOE/EIA-0383); Annual Energy Outlook 2015, with
Projections to 2040; April 2015.
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I.  LNG marine and land depots, where LNG is loaded onto transport vehicles such as
bunker barges, trucks, and ISO containers;

J. Floating LNG liquefaction and gasification facilities not supplied by pipelines regulated
by 49 CFR Part 192, and such facilities supplied by pipelines regulated by 49 CFR Part
192 if the facility is located in navigable waters (as defined in Section 3(8) of the Federal
Power Act (16 U.S.C. 796(8));

K. LNG at satellite plants that is consumed by power drill rig equipment, even if the LNG
source is a pipeline regulated by 49 CFR Part 192 (“ultimate consumer exemption”); and

L. LNG-based distributed power plants supplied by pipelines regulated by 49 CFR Part 192
serving only the pipeline operator, and LNG plants where LNG is supplied by means
other than a pipeline regulated by 49 CFR Part 192.

Il. Project Objectives

Based on the increased production and transport of LNG in the U.S., PHH-20 seeks to identify,
prioritize, and recommend solutions for potential transportation impacts associated with new and
emerging LNG facilities/operations that involve non-pipeline transport (i.e., LNG facilities not
covered under 49 CFR Part 193). This whitepaper is the initial document the VVolpe Center has
developed to begin identifying transportation impacts associated with these new and emerging
LNG facilities/operations.

lll. Overall Summary of Phase 1 Activities

The Volpe Center did not find any additional categories of LNG facilities and operations not
regulated under 49 CFR Part 193 than those previously identified in Section | by PHMSA'’s
Pipeline Safety Office in its May 2014 draft report. The Volpe Center conducted multiple
Internet searches on the categories of new and emerging LNG facilities/operations identified in
PHMSA’s May 2014 draft report, specifically:

e The activities, processes, and equipment used at each type of facility/operation;
e U.S. locations where these new and emerging facilities/operations are located,;
e How LNG is transported to and from these new and emerging facilities/operations; and

e General safety, security, and/or risk parameters specific to each type of new and
emerging facility/operation.

The information found on these new and emerging LNG facilities/operations categories is
summarized in Section V.
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IV. Basic LNG Information
A. LNG Properties

LNG is classified as “methane, refrigerated liquid (cryogenic liquid) or natural gas refrigerated
liquid (cryogenic liquid), with high methane content” in 49 CFR 172.101, Identification Number
UN1972, Hazard Class/Division 2.1 (flammable gas). It is in liquid form (i.e., LNG) at
temperatures of -259°F (-161°C) or below. LNG is forbidden to be transported by air (on both
passenger and cargo planes) and on passenger rail; non-bulk transport on roadways and
waterways is authorized only in UN T75 portable tanks, and non-bulk LNG can only be stored
on the deck of cargo and passenger ships carrying passengers limited to not more than 25
passengers or one passenger per three meters of overall vessel length, whichever is larger?; bulk
packaging of LNG in container-on-flatcar or trailer-on-flatcar via rail requires approval from the
Federal Railroad Administration’s Associate Administrator of Rail Safety?; and bulk packaging
of LNG on vessels must comply with all requirements set forth in 49 CFR 173.318%.

When regasified, LNG behaves and burns just like natural gas (50% lower emissions than coal;
negligible sulfur oxides, nitrogen oxides, and particulates; can be used by most energy sectors
cost effectively). When liquefied, natural gas is 1/600th its volume at standard pressures, making
it more economical and safer to ship.®

B. U.S. LNG Facilities

More than 110 LNG facilities operate in the U.S. and perform a variety of services. Some
facilities export natural gas from the U.S., some provide natural gas supply to the interstate
pipeline system or local distribution companies, while others are used to store natural gas for
periods of peak demand. There are also facilities which produce LNG for vehicle fuel or for
industrial use. Depending on location and use, an LNG facility may be regulated by several
federal agencies and by state utility regulatory agencies.®

Most natural gas is imported and exported by pipeline as a gas and by ship as LNG. Small
amounts of natural gas are also exported on trucks as LNG and as compressed natural gas. In
2014, 96% of U.S. net imports of natural gas came by pipeline, and 4% came in LNG ships.’

249 CFR 172.101, 49 CFR 172.102.

8 49 CFR 174.63(a).

4 Bulk Packaging of Cryogenic Liquids in Cargo Tanks.

Shttp://www.narucmeetings.org/Presentations/Sandia%20NARUC%20LNG%20Cascading%20Damage%20Summary%200vervie
w%202-2013.pdf, “Marine LNG Transport—Cascading Damage Study Summary and Risk Management Considerations.”
DOE/Sandia National Laboratories. M. Hightower. Updated February 2013. Accessed October 20, 2015.

8 http://www.ferc.gov/industries/gas/indus-act/Ing.asp Updated October, 1, 2015. Accessed October 14, 2015.

7 http://www.eia.gov/energyexplained/index.cfm?page=natural_gas imports Updated July 16, 2015. Accessed September 24,
2015.
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Figure 1. The Natural Gas Industry
Source: http://www.dteenergy.com/images/naturalGasindustry.gif

Safety in the LNG Industry8

The following four elements provide for multiple layers of safety in the LNG industry for the
safety of both LNG industry workers and the surrounding communities:

D.

Primary containment s the first and most important layer of protection. It involves the
use of appropriate materials for LNG facilities as well as proper engineering design of
storage tanks onshore and on LNG ships and other LNG transport and storage containers.

Secondary containment ensures that, if leaks or spills occur at an onshore LNG facility,
the LNG can be fully contained and isolated from the public.

Safeguard systems offers a third layer of protection, by minimizing the frequency and
size of LNG releases both onshore and offshore and preventing harm from potential
associated hazards, such as fire. LNG operations use technologies such as high-level
alarms and multiple back-up safety systems, which can identify problems and shut off
operations in the event of certain specified fault conditions or equipment failures; these
systems are supplemented with the establishment of operating procedures, training,
emergency response systems, and regular maintenance to protect people, property, and
the environment from any release.

The fourth level of protection includes the regulatory-mandated separation distances of
land-based LNG facilities from communities and other public areas, and the required
safety zones around LNG ships.

Risks Associated with LNG Applicable to all Categories of New and Emerging Facilities
and Operations

Natural gas is the cleanest burning fossil fuel and is being used throughout the world to reduce
carbon dioxide emissions. Compared to coal, natural gas produces far fewer carbon dioxide
emissions and sulfur emissions. LNG is simply natural gas in a liquid state. As a fuel, LNG

8 Energy Economics Research, Bureau of Economic Geology, The University of Texas at Austin, Professor Michelle Michot Foss,
“LNG Safety and Security.” http://www.beg.utexas.edu/energyecon/LNG Safety and Security Update 2012.pdf Updated
June 2012. Accessed November 9, 2015.
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produces relatively low emissions when burned to heat and cool homes, generate electricity, and
power vehicles.®

LNG is odorless, non-toxic and non-corrosive. When exposed to the environment, LNG rapidly
evaporates, leaving no residue on water or soil.° Thus, if spilled, LNG is not a persistent cargo,
the Oil Pollution Act of 1990 and other similar acts are not applicable, and liability focus is on
fire and damage vs. pollution.!! In addition, as LNG is cryogenic, contact with some non-
cryogenic materials will cause such materials to become brittle and fail, and exposure to skin will
cause cryogenic burns.?

V. Phase 1 Initial Research Results

This section provides high-level, general information obtained primarily via Internet searches on
the categories of new and emerging LNG facilities and operations identified in PHMSA’s May
2014 draft report.

A. LNG marine export/import terminals not supplied by/connected to pipelines
regulated by 49 CFR Part 192

Marine export terminals supply LNG (natural gas that has undergone liquefaction®®) to ships that
transport the LNG to locations that store and/or convert the LNG to natural gas. The increase in
shale gas production and lower price in the U.S. has renewed interest in the U.S.’s exporting of
LNG. Marine import terminals receive LNG from ships and store and/or convert the LNG to
natural gas in a process called regasification'*. The U.S. imports small amounts of LNG.™

The Federal Energy Regulatory Commission (FERC) is responsible for authorizing the siting and
construction of onshore and near-shore LNG import or export facilities under Section 3 of the
Natural Gas Act. As required by the National Environmental Policy Act, the FERC prepares
environmental assessments or impact statements for proposed LNG facilities under its
jurisdiction. Projects which are approved and built are subject to FERC oversight for as long as
the facility is in operation. FERC currently regulates 24 operational LNG facilities.®

9 http://www.Ingfacts.org/about-Ing/environment/ Updated 2015. Accessed September 23, 2015.

10 1bjg.

1 “Marine Transport of LNG” PowerPoint Presentation by B. Curt, Qatargas I, to Intertanko Conference on March 29, 2004,
http://www.marad.dot.gov/wp-content/uploads/pdf/DWP -- Marine Transportation of LNG.pdf Accessed September 24,
2015.

12 |pid.

13 |iquefaction terminals convert natural gas into LNG. Liquefaction terminals are on the export side of LNG transactions.
Liquefaction terminals generally receive natural gas by pipeline from a well field. Before the natural gas is liquefied by cooling
it to -259°F (-161°C), natural gas must be cleaned of water, carbon dioxide, hydrogen sulfide, and other impurities that might
freeze, become corrosive, or interfere with the liquefaction process. Once liquefied, the LNG is sent by pipeline to a LNG
carrier ship or into storage to await transport. (http://geology.com/articles/Ing-liquefied-natural-gas/)

14 Regasification terminals convert LNG back into natural gas. Regasification terminals are on the import side of transactions.
These terminals receive natural gas—usually by ship—from other areas. At a regasification terminal, the LNG might be
temporarily stored or sent directly to a regasification plant. Once regasified, the LNG is sent by pipeline for distribution or
placed in temporary storage until it is needed. (http://geology.com/articles/Ing-liquefied-natural-gas/)

15 hittp://www.energy.ca.gov/Ing/fag.html Updated 2015. Accessed September 23, 2015.

16 hitp://www.ferc.gov/industries/gas/indus-act/Ing.asp Updated October, 1, 2015. Accessed October 14, 2015.
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FERC regulations require safety zones around LNG facilities. Setback distances must be
great enough so that flammable vapors will not reach the facilities’ property lines and heat
radiation from a potential fire will not impact those beyond the facilities' property line.
Sophisticated safety systems add an additional layer of protection. Sophisticated alarms and
multiple back-up safety systems, which include emergency shutdown (ESD) systems, are
core components of LNG facilities. ESD systems can identify problems and shut down
operations, limiting the amount of LNG that could be released. These systems are normally
linked to automated gas, liquid, and fire-detection equipment. Detectors for monitoring LNG
levels and vapor pressures within storage tanks and closed-circuit television equipment for
monitoring all critical locations of LNG facilities are present at these facilities. Facility safety
systems combined with special operating procedures, training, and equipment maintenance
minimize the risk of an accident.’

A minimum water depth of approximately 50 to 60 feet is needed to berth LNG carriers.*®

Based on the facility descriptions, the following U.S. location may fall under this category of
new and emerging LNG facilities/operations®®:

e Everett, MA (1.035 Bcfd?%): As New England lacks underground gas storage, the
region relies on LNG to meet heating demand on very cold days and, more recently,
for industrial customers without access to pipeline gas. This terminal furnishes LNG
in liquid form to customers with their own LNG storage tanks through four truck-
loading bays, for a total liquid send-out of more than 100 million cubic feet, or 1.2
million gallons daily. Everett Terminal’s truck-loading bays are able to fill more than
25,000 truckloads a year and has a new LNG fueling station specifically built to serve
heavy-duty trucks.?

Other U.S. LNG marine export/import terminal locations regulated by FERC or
MARAD/USCG include the following (Note: Some/all of these facilities may be connected
to pipelines regulated by 49 CFR Part 192, and thus would not be considered a “new and
emerging facility/operation” under this category.):

e Existing LNG import/export terminals??:

- Cove Point, MD (1.8 Bcfd) - Sabine, LA (4.0 Bcfd)

- Elba Island, GA (1.6 Bcfd) - Hackberry, LA (1.8 Bcfd)

- Lake Charles, LA (2.1 Bcfd) - Sabine Pass, TX (2.0 Bcfd)

- Offshore Boston, MA (two - Pascagoula, MS (1.5 Bcfd)
terminals—0.8 and 0.4 Bcfd) - Kenai, AK (0.2 Bcfd)

- Freeport, TX (1.5 Bcfd) - Pefiuelas, Puerto Rico (0.2 Bcfd)

17 https://www.dom.com/corporate/what-we-do/natural-gas/dominion-cove-point/safety-at-dominion-cove-point Updated

2015. Accessed October 14, 2015.
18 b, Blakemore. “Regional LNG Update: Energy Demand Fuels LNG Import Site Development in the Gulf of Mexico.” Fall 2005.

http://www.uscg.mil/proceedings/archive/2005/Vol62 No3 Fall2005.pdf Updated Fall 2005. Accessed October 6, 2015.

19 http://www.ferc.gov/industries/gas/indus-act/Ing/Ing-existing.pdf Updated and Accessed September 29, 2015.

20 B¢fd stands for billion cubic feet per day.
21 http://www.gdfsuezna.com/media/files/files/dcb795dc/Fueling-Growth-of-LNG-in-NA-Brochure.pdf Updated 2015. Accessed

October 14, 2015.
2 http://www.ferc.gov/industries/gas/indus-act/Ing/Ing-existing.pdf Updated and Accessed September 29, 2015.
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e LNG export terminals approved and under construction®:
- Sabine, LA (2.76 Bcfd) e Cove Point, MD (0.82 Bcfd)
- Hackberry, LA (1.7 Bcfd) - Corpus Christi, TX (2.14 Bcfd)
- Freeport, TX (1.8 Bcfd)

e LNG export terminal approved, but not under construction?*: Sabine Pass, LA (1.4
Bcfd)

e LNG import terminal approved and under construction?®: Corpus Christi, TX (0.4
Bcfd)

e LNG import terminals approved, but not under construction?:
- Salinas, Puerto Rico (0.6 Bcfd)
- Gulf of Mexico (two terminals—1.0 and 1.4 Bcfd)
- Offshore Florida (1.2 Bcfd)

Additional U.S. LNG export and import terminals are in the proposed stage with FERC and
MARAD/USCG.

Ships that transport bulk LNG to and from import and export facilities are generally double-
hulled and insulated; can be up to 1,000 feet long requiring a minimum water depth of 40 feet
when fully loaded; and are designed to handle LNG’s low temperature and to limit the
amount of LNG that boils off or evaporates.?’

1. Safety at LNG Import and Export Terminals?8

LNG import and export terminals are designed with multiple layers of protection and must
meet rigorous safety regulations. They are equipped with spill containment systems, fire
protection systems, multiple gas, flame, smoke and low- and high-temperature detectors and
alarms, automatic and manual shut-down systems, video surveillance systems, and highly
trained personnel.

The USCG determines the suitability of a waterway to transport LNG safely and creates
safety and security rules for each specific port. The USCG works with terminal and ship
operators and host port authorities to ensure that policies and procedures conform to required
standards and works with operators to conduct emergency response drills. The USCG has the
authority to require and receive background checks of crews and to conduct ship searches
and may require the use of Sea Marshals, who are specially trained and armed USCG
personnel.

23 http://www.ferc.gov/industries/gas/indus-act/Ing/LNG-approved.pdf Updated and Accessed September 29, 2015.

24 Ibid.
2 |bid.
26 |bid.
27 http://www.energy.ca.gov/Ing/fag.html Updated 2015. Accessed September 23, 2015.

28 http://www.Ingfacts.org/about-Ing/safetysecurity/ Updated 2015. Accessed October 1, 2015.
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2. Safety at LNG Liquefaction Facilities?®

Liquefaction of natural gas to LNG requires cooling the natural gas until it becomes a liquid.
These processes include gas conditioning before liquefaction, processing and managing the
impurities and liquid hydrocarbons, and storing and handling of the refrigerants that are used
to cool the natural gas to a liquid state.

Refrigerants used in natural gas liquefaction plants (typically some combination of light
hydrocarbons such as methane, ethane, ethylene, propane, butane, and isopentane; nitrogen is
also a common refrigerant component) are safely produced and handled routinely in
hundreds of U.S. refineries, petrochemical plants, and natural gas processing facilities.

Natural gas liquefaction facilities must comply with rigorous government regulations and
industry codes and standards for their engineering, operations, maintenance, and personnel
training.

The liquefaction process requires significant compression systems for refrigeration that
include large centrifugal compressors typically driven by gas turbines, steam turbines, or
large electric motors. This type of rotating equipment is larger than typically found in LNG
import terminals and is similar to what is found in refineries, power plants, and large
chemical plants. Rigorous measures are utilized at liquefaction facilities to ensure the safe
design and operation of this equipment.

3. Activities at Regasification Facilities>°

The Department of Energy (DOE) is studying a novel method of unloading and regasifying
LNG directly from ocean tankers for storage in underground salt caverns. Under this process,
called the ”Bishop Process,” LNG would be received directly from an offshore tanker,
regasified, pressurized, and warmed to 40°F, then injected into underground salt caverns. A
DOE study identified more than two dozen potential sites that had suitable salt formations,
sufficiently close proximity to existing pipelines and navigable water.3! This process would
eliminate the need to build expensive aboveground cryogenic storage tanks. A combination
of the Bishop Process with the construction or conversion of existing offshore depleted gas
fields, platforms, and lines could also be a means to import, store, and transport LNG. There
are many offshore depleted gas fields that could be used for this purpose. Environmental
concerns such as brine disposal used in the development of salt caverns and land use have
been raised.

4. Risks Associated with LNG Marine Export/Import Terminals

“Public support for LNG projects is generally mixed - especially on the import side where
large numbers of people may be located near the regasification facility. Although some
people hope that LNG will bring them a reliable source of economical natural gas, others
have concerns that the regasification plant or the transport vehicles might explode or catch

29 |hi
Ibid.

30 http://www.ferc.gov/EventCalendar/Files/20041020081349-final-gs-report.pdf, Federal Energy Regulatory Commission, Staff
Report, September 30, 2004, page 15. Accessed October 2, 2015.

31 http://www.fe.doe.gov/programs/oilgas/storage/index.html Updated September 2015. Accessed October 2, 2015.
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fire. Some people are also concerned that LNG facilities are terrorist targets. Although LNG
has an excellent history of safety, these concerns cannot be assigned a probability of zero.”%2

B. Marine cargo transfer system components between the vessel and the last valve on
the storage tank33

LNG contained in the ship’s tanks is transferred from the tanks via pipes located in the
bottom of each tank compartment; these pipes run from the tanks’ bottoms to pipe manifolds
on the ship’s deck, where connection between the ship and the onshore facilities is made.
Tankers are typically equipped with manifolds on both their starboard and port sides to allow
the ship to berth at either side of the terminal.

To discharge the tanks to the shore facilities, the liquid cargo is pumped from the bottom of
the tanks up to the pipe manifolds on the ship’s deck. Typically, a tanker is equipped with
three or four cargo pumps located in a pump room immediately forward of the engine room
near the ship’s stern and at the end of the tank section. The ship’s pumps have the power to
move the LNG from the tanks to the deck manifold and on to the shore side distribution
system. An important part of the tankers cargo system is the inert gas system (IGS), which is
used to inert the atmosphere within the cargo tanks as the cargo is pumped to the terminal.

Tankers will have a boiler to manufacture power for the steam turbines, which in turn
provide power to the cargo pumps. Alternately, a tanker may have electric motor-driven
cargo pumps which are powered by diesel generators. Typically a tanker is equipped with
three service generators which supply the electric power for all tanker operations and act in
redundant capacity in case of a single generator breakdown .Electrical power can also be
generated using steam driven turbo-alternators if the ship is so equipped.

The system used to control cargo operations is typically a combination of mechanical,
hydraulic, and electronic automated systems that provides cargo personnel with the ability to
fully monitor operations, and gives adequate warnings when tanks are full or pumps are not
operating correctly. The topside equipment and systems provide all the pipelines, valves, fire
protection, vessel access, and control systems required to safely transfer the cargo and crew
between the land facility and the tanker. All topside equipment is controlled by the central
control room located onshore near the water.

The onshore cargo transfer system includes marine loading arms, manifolds, pipelines,
booster pumps, and valves. Connection between the ship and the marine terminal is made
with the use of marine loading arms, which feed into an adjacent onshore manifold that
controls the flow of product being transferred through the system. The onshore manifold in
turn is connected to pipelines running on the platform deck and along the access trestle to the
onshore tank facilities.

32 http://geology.com/articles/Ing-liquefied-natural-gas/ Updated 2015. Accessed September 24, 2015.
33 http://www.southportland.org/files/5213/9533/7249/Northern_Gateway Pipelines TERMPOL Surveys and Studies -
Cargo Transfer and Transhipment Systems.pdf Updated January 20, 2010. Accessed September 29, 2015.
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Marine loading arms consist of articulated pipe assemblies able to swivel in all directions and
are designed to be directly connected to the ship’s manifold. The loading arms can
accommodate the movements of a moored ship while maintaining a secure seal for leak-free
cargo transfer. Marine loading arms are standard equipment for most marine oil terminals
around the world, and their operating range is established based on the required ship
movement envelope at the point of loading/unloading. The marine arms are equipped with a
variety of visual and audible alarms and systems designed to monitor the arm’s position and
provide warnings when the maximum operation envelope is reached. They are supplied with
hydraulic or powered emergency release couplings, which allow for rapid connection
between the loading arm and various diameters of ship manifolds without the need for special
adaptors, and also stop the flow of LNG and provide rapid disconnection during
emergencies.

Alternately, an LNG hose transfer system is used by some companies, which describe these
systems as “more cost effective, more flexible, and a portable alternative to conventional
loading arm systems.”34

An area in the U.S. where marine LNG transfer operations occur is the Freeport LNG
Terminal in Quintana, Texas.*

Most LNG carrier ships and shore facilities have coordinated and detailed arrival, loading,
unloading, and departure procedures for personnel to follow during normal and emergency
events.® Transfer of LNG from ship to terminal usually occurs in well-defined and secured
marine areas.

1. Risks Associated with Marine Cargo Transfer System Components

Emergencies can occur on the vessel or at the berthing location, and can include situations
such as but not limited to, the following3’ 8

e Problems with the LNG tank’s pressure release valves, which could result in LNG
compromising the tank’s and/or the vessel’s structural integrity, and natural gas
releases that, if contacting an ignition source, have the potential to ignite;

e Extreme weather conditions that can compromise LNG transfer operations;

34 KLAW LNG, United Kingdom, http://www.klawIng.com/Ing-applications/Ing-ship-to-shore-transfer-systems/ Updated 2015.
Accessed September 29, 2015.

35 http://www.freeportlng.com/PDFs/FMOManual.pdf Updated December 1, 2011. Accessed October 5, 2015.

36 http://www.liquefiedgascarrier.com/cargo-loading.html Last update date not listed on website. Accessed on various days in
September and October 2015; http://www.freeporting.com/PDFs/FMOManual.pdf , December 1, 2011. Accessed September
30, 2015.

3Thttp://www.narucmeetings.org/Presentations/Sandia%20NARUC%20LNG%20Cascading%20Damage%20Summary%200vervi
ew%202-2013.pdf, “Marine LNG Transport—Cascading Damage Study Summary and Risk Management Considerations.”
DOE/Sandia National Laboratories. M. Hightower. Updated February 2013. Accessed October 20, 2015.

38 J. de Baan/Bluewater Energy Services B.V.; M.H. Krekel, R. Leeuwenburgh/Bluewater Offshore Production Systems (USA),
Inc.; M.M. McCall/Conversion Gas Imports, LLC. “Offshore Transfer, Re-Gasification and Salt Dome Storage of LNG.” Paper
copyrighted and presented at the 2003 Offshore Technology Conference in Houston, TX, May 5-8, 2003.
http://www.marad.dot.gov/wp-content/uploads/pdf/DWP -- Offshore Transfer, Re-

Gasification and Salt Dome Storage of LNG.pdf Accessed various days in September and October 2015.
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e Congested berthing/mooring areas where vessels have an increased chance of making
unintended contact with other vessels/berthing structures, which could damage LNG
tanks on a vessel or equipment at the berthing location; and

e Shallow water areas where vessels cannot access the berthing location or become
unintentionally grounded.

Onshore facilities in the Gulf of Mexico have drawn the skepticism of home and landowners
who are wary of the safety and security of both LNG tankers and facilities. Deepwater ports
have drawn strong interest from many interest groups, especially the LNG industry’s desired
use of open rack vaporizers (ORVS) to regasify LNG. Environmentalists claim that ORVs
will significantly harm fisheries, while LNG project companies assert that ORVs will have
minimal impact on oceanic environment.®

C. LNG tanker and carrier ships, LNG tank trucks, and other vehicles (e.g., heavy-duty
trucks, buses, ships, locomotives, and mining vehicles) that consume LNG fuel or
transport LNG

1. LNG Tankers and Carrier Ships

LNG tank ships are different from regular
tank ships carrying oil and chemicals. Each
LNG tank ship has two hulls so that, if a
collision or grounding punctures the outer
hull, the ship will still float and the LNG
will not spill out. The ships tend to ride Source:

hlgh in the watgr, _even when loaded. A http://www.narucmeetings.org/Presentations/Sandia%
typical LNG ship is 950 feet long and 150 50nARUC%20LNG%20Cascading%20Damage%20Summ
feet wide, and many new ships being built ary%200verview%202-2013.pdf

are even bigger.“°

Figure 2. Moss Ship and Tank Schematic

LNG tanks are either spherical (“Moss” model, aluminum alloy spheres with the upper half
of the sphere sticking out above the deck,

which are structurally
independent from the
ship), or box-shaped
(“Membrane” model,
thin, stainless steel
tanks supported by the
ship’s hull structure).

Figure 3. Membrane Ship and Tank

Schematic
Source:

http://www.narucmeetings.org
/Presentations/Sandia%20NAR
UC%20LNG%20Cascading%20D
amage%20Summary%200vervi
ew%202-2013.pdf

39 D, Blakemore. “Regional LNG Update: Energy Demand Fuels LNG Import Site Development in the Gulf of Mexico.” Fall 2005.
http://www.uscg.mil/proceedings/archive/2005/Vol62 No3 Fall2005.pdf Updated Fall 2005. Accessed October 6, 2015.

40 Dr. A. Schneider. “LNG: Liquefied Natural Gas—What is it? Is it Safe? What is the Coast Guard Doing about it?” Fall 2005.
http://www.uscg.mil/proceedings/archive/2005/Vol62 No3 Fall2005.pdf Updated Fall 2005. Accessed October 7, 2015.

“Ihttp://www.narucmeetings.org/Presentations/Sandia%20NARUC%20LNG%20Cascading%20Damage%20Summary%200vervie
w%202-2013.pdf, “Marine LNG Transport—Cascading Damage Study Summary and Risk Management Considerations.”
DOE/Sandia National Laboratories. M. Hightower. Updated February 2013. Accessed October 20, 2015.
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Key design issues that need to be considered include®:

e LNG fuel tank capacity and type.

LNG fuel tank location—consider the following risks:

Sustaining mechanical damages;

Fire in adjacent space, causing tank over pressure;

Leaked flammable product, causing fire and explosion; and

Leaked cryogenic fluid, leading to loss of tank’s structural integrity.

e Leak mitigation in tank hold space—safe distances and access areas.
e Fuel gas pipe arrangements.

e Bunker station requirements: sufficient natural ventilation, physical separation and
structural protection, stainless steel drip trays, Class A-60 protection, remote control and
monitoring, manual and remote emergency shutdown valves, provisions for
draining/purging/inerting, and ventilation and gas detection of bunkering lines.

e Standardization of the interface between the ship and the fuel supply facilities, to ensure
that a LNG fueled ship can refuel in any port with LNG fuel supply facilities.

e Burn off gas management—a means of pressure and temperature control must be
available at all times even when in port or maneuvering.

e Continuity of power — fault tolerant design.

On 1 August 2012, the North American Emission Control Area was established with the goal
of reducing air pollution by imposing enforceable vessel air emission limits. To comply with
these stricter emissions standards, the maritime industry has begun looking into ways to
convert and/or construct vessels to use LNG as fuel, as LNG produces substantially lower air
pollutants. The maritime industry is considering a variety of methods for supplying LNG to
vessels for use as fuel, including, but not limited to, supplies delivered from vessels (e.g.
barges, small tankers) or via shore-based structures (e.g. storage tanks, mobile tank trucks,
railcars).*®

To meet the growing demand for LNG marine fueling operations, international organizations
[e.g., International Maritime Organization (IMO) and the International Standards
Organization (ISO)] are working to develop guidelines that countries can use to establish
standardized infrastructure and operational procedures to help ensure LNG marine fuel
transfer operations are conducted safely and uniformly in the global maritime community.**

42 ABS PowerPoint Presentation, “LNG Fuel Systems: Certification & Approval,” S. Gumpel, February 24, 2012.
http://www.glmri.org/downloads/focusAreas/presentations/gumpel2-2012.pdf Updated February 24, 2012. Accessed
October 15, 2015.

43 U.S. DHS, USCG, CG-OES Policy Letter No. 02-14, “Guidance Related to Vessels and Waterfront Facilities Conducting LNG
Marine Fuel Transfer (Bunkering) Operations—Draft for Public Comment, Background Section.”
http://www.uscg.mil/TVNCOE/Documents/default/LNGBunkering.pdf Updated 2014. Accessed October 15, 2015.

4 Ibid.
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2. Sdafety of LNG Tankers and Carrier Ships

The USCG determines the suitability of every LNG ship that delivers cargoes into and out of
the U.S. through a rigorous annual inspection. If a ship fails the inspection, all deficiencies
must be fixed before it can unload its cargo or leave the country. LNG ships are issued a
Certificate of Compliance by the USCG to state that they are in complete compliance with
U.S. regulations.®

More than 135,000 LNG carrier voyages have taken place without major accidents or safety
or security problems, either in port or at sea. As LNG ships are double-hulled, with more
than six feet of void space or water ballast between the outer and inner hulls and the cargo
tanks, the double hulls help to prevent leakage or rupture in the event of an accident. LNG
ships are also equipped with sophisticated leak detection technology, ESD systems, advanced
radar and positioning systems, and numerous other technologies designed to ensure the safe
and secure transport of LNG. Studies undertaken by various technical authorities and Sandia
National Laboratories on LNG shipping safety and security confirm that risks from
accidental LNG spills, including as a result of collisions and groundings, are highly unlikely
due to the rigorous safety policies and practices put in place by the LNG industry. Risks
resulting from intentional events, such as terrorist acts, can be greatly reduced with
appropriate security, planning, mitigation, and prevention, and the LNG carrier industry has
these precautions in place.*®

The ESD system is a requirement of the IMO Code for the carriage of liquefied gases in bulk
and is a recommendation of the Society of International Gas Tanker and Terminal Operators.
All members of the ship’s company must be aware of locations and the methods of activating
and testing the ESD system specific to their vessel. The ESD system is a quick closing
system, which may be activated automatically or manually; it will close all deck valves and
shut down all cargo machinery. The ESD system will stop cargo liquid and vapor flow in the
event of an emergency and bring the cargo handling system to a safe, static condition. The
ESD system minimizes potential risks during the transfer of liquefied gases between ship and
shore loading and unloading installations. It provides a quick and safe means of stopping the
transfer of cargo and isolating ship and shore cargo systems in a controlled manner, either
manually or automatically, in the event of fault conditions that affect the ability of the
operator to control safely the transfer of cargo. Most export terminals, and an increasing
number of import terminals, now have a second level of protection providing for the rapid
disconnection of the loading arms from the ship. These two levels of cover are known as
“ESD-1” and “ESD-2.” Manual emergency shutdown push buttons are situated strategically
around the ship, at locations that include the wheelhouse, cargo control room, fire control
station, manifold platforms and tank liquid domes. In addition, manual activation of the shore
ESD system will, through the ship/shore link, set off the ship’s ESD-1. ESD-2 is normally
initiated by the terminal and will result in all the actions as for ESD-1, plus the initiation of a
dry break of the shore arm from the ship. ESD-2 may be initiated manually or
automatically.*’

45 http://www.Ingfacts.org/about-Ing/safetysecurity/ Updated 2015. Accessed October 9, 2015.

46 |bid.

47 http://www.liguefiedgascarrier.com/cargo-emergency-shutdown.html Last update date not listed. Accessed on various days
in September and October 2015.
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LNG vessels must always conduct pre-arrival ESD system tests 48 hours before arrival at any
load or discharge port. Additionally, in the event of an extended voyage, the ESD system
should again be tested at intervals of not more than 30 days from the previous test.

Successful completion of these tests must be recorded in the deck log book. Prior to
loading/discharge operations in port, additional ESD testing in both the warm and cold
conditions shall be carried out as part of the pre-transfer ship-shore checklist.*8

3. Security of LNG Carrier Ships*

The LNG industry carefully follows requirements set forth by the IMO, FERC, U.S. DOT,
and USCG, and works closely with the U.S. Department of Homeland Security (DHS) to
ensure that its operations are safe and secure.

LNG ships are fast for their size and less prone to pirate attacks since they sit high in the
water relative to crude oil carriers and conventional cargo ships. The industry takes piracy
seriously and follows international best practices. There are additional security measures,
procedures, and equipment on board LNG tankers to deter and repel such attacks, but they
are not disclosed in order to increase their effectiveness.

Before a ship enters a U.S. port, the captain is required to inspect each and every
compartment and report this inspection as part of the 96-hour notice. This written inspection
is given to the USCG upon arrival in U.S. waters. The USCG may then perform its own
inspection. There are other security procedures in place when the vessel is at sea, which are
also not disclosed to ensure their effectiveness.

Every crew member must either have a visa that has been approved by the U.S. State
Department, or the ship has to have an armed guard to prevent crew members without visas
from disembarking. The crew list is provided to the USCG 96 hours prior to arrival. A
background check is run on all crew members by the USCG and U.S. Immigration and
Security Authorities.

4. Risks Associated with LNG Tankers and Carrier Ships

Transferring LNG [reducing natural gas to LNG by cooling it to -259°F (-161°C)] comes
with a host of risks due to the cryogenic characteristics when the gas is in its liquid form; for
example, a leak can crack a ship’s deck and hull.>®

In February 2013, DOE/Sandia National Laboratories produced an LNG carrier bulk
transport cascading damage study and risk management summary report. 5 The report
provided the following information:

48 |bid.
49 |bid.
50 http://www.marinelink.com/news/rise-the-Ing380156.aspx, “LNG on the Rise.” Posted by E. Haun. Updated November 3,

2014. Accessed September 30, 2015.
Slhttp://www.narucmeetings.org/Presentations/Sandia%20NARUC%20LNG%20Cascading%20Damage%20Summary%200vervie

w%202-2013.pdf, “Marine LNG Transport—Cascading Damage Study Summary and Risk Management Considerations.”
DOE/Sandia National Laboratories. M. Hightower. Updated February 2013. Accessed October 20, 2015.
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e LNG hazards depend on the size, location, and approach of marine LNG shipping and
distribution operations.

e In near-term, small LNG ships, barges, and isotainers are more likely to be present in
ports, while larger LNG ships are more likely to be present in deep harbors or
offshore areas.

e Moss and Membrane model ships have four to six million elements that can fail.

e Fire testing and analysis results:
- LNG dispersion distance is limited by the closest ignition source:
= Hazard distance for a small LNG spill (300 gallons/minute) is
approximately 10 meters in diameter.
o Maximum lower flammability limit (LFL®?) dispersion
distance of natural gas is approximately 75 meters.
= Hazard distance for possible isotainer or LNG trailer spill (7,000
gallons/minute) is approximately 43 meters in diameter.
0 Maximum LFL dispersion distance of natural gas is
approximately 300 meters.
- LNG fires produce temperatures of 700-1,200°C.
= Material testing show these temperatures will significantly reduce
LNG ship steel structural strength.
- Fire tests show flames anchor to ship structure (no detached floating pools).
- Typical crosswinds can make an LNG fire and associated thermal radiation
impact large portion of an LNG ship structure.
- Using measured heat flux values, analyses suggest LNG cargo tank pressure
increases only 1-2 psi during nominal spill and fire:
= Likely no over pressurization of tank or relief valves.
= Simultaneous cascading damage of LNG cargo tanks from a large fire
deemed unlikely.
e Cryogenic damage testing and analysis results:
- LNG is known to cause brittle fracture of ship deck plates; testing shows all
ship steel is vulnerable to fracture.
- About 40% of LNG spilled from a large cargo tank breach can stay within the
ship.
- LNG can flow into many areas between individual cargo tank cofferdams.
- Fractures are likely to occur in all structural elements that come in contact
with LNG for extended time.
- Major cryogenic fractures and damage will begin to occur to the ship within
3-5 minutes of a spill; fire damage within 5-15 minutes of a fire starting.
- Cryogenic fracture and damage will occur as flow progresses and the
structural elements cool.
- Fire weakening of the ship structure begins following a spill once a fire
stabilizes.
- Damage to an LNG ship from a large spill could be significant.
- Damage identified from large spills would force a ship safety assessment.
- Pool diameter is less than spill diameter.

52 LFL is the lowest value where LNG can be ignited.

Page 15 of 28





e Cascading damage testing and analysis results:

- About 40% of LNG spilled can stay within the LNG vessel, causing cryogenic
and fire thermal damage to the vessel’s structure, which for large spills would

make the ship unable to be moved and require a safety evaluation.

- The cargo tank insulation and relief valve systems appear to be adequately
designed to prevent over pressurization of the cargo tanks or over capacity of

relief valves from an LNG fire.

- Simultaneous, multiple cargo tank spills (cascading failure) from an initial
event seem unlikely, though sequential ruptures could occur from ship

damage and extend the duration of a fire.

- Ship damage from small spills will provide less severe damage and allow for

up to 24 hours to assess and implement response measures.

5. Risk Management Information>?

Suggested risk management approaches for reducing the possibility of a large LNG spill:
e Eliminate other vessel transit and movement during marine LNG import or export

operations;

e Modify LNG tanker escorts to improve protection from potential large breach events

through enhanced standoff or active interdiction;

e Modify offshore LNG operations to improve protection from potential large breach

events through active interdiction or enhanced standoff technologies; and

e Provide enhanced standoff systems and protection for LNG ships during transit near
populated areas as appropriate and while at LNG terminals during LNG discharge or

receiving operations.

Suggested risk management approaches for reducing ship damage and hazards to the public:

e Improve emergency response coordination and procedures for LNG ship

maneuvering to safe anchorages to monitor, inspect, and assess ship damage,

stability, seaworthiness, and long-term needs;

e Utilize ship ballast tanks to reduce damage through modifications of typical

operational use;

e Ultilize high performance fire-fighting tugs with 7,000 to 11,000 meters®/hour
(30,000-50,000 gallons/minute) fire monitor capacity to reduce the thermal damage

from a fire on LNG ship weather covers and outer hulls;

e Establish lightering> procedures and capabilities for marine LNG imports
shore terminals and operations, as appropriate; and

for near-

e Modify ships by adding lightweight fire insulation, modifying deluge systems, and

reducing connectivity of void spaces.

53http://www.narucmeetings.org/Presentations/Sa ndia%20NARUC%20LNG%20Cascading%20Damage%20Summary%200vervi

ew%202-2013.pdf, “Marine LNG Transport—Cascading Damage Study Summary and Risk Management Considerations.”

DOE/Sandia National Laboratories. M. Hightower. Updated February 2013. Accessed October 20, 2015.

4 Lightering is the ship-to-ship transfer of cargo from a large to a small tanker ship for transport to destination where access to

larger ships is prohibited due to their size and draft (Source: http://www.emm-bahamas.com/lightering.html).
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6. LNG Transport Trailers and Tank Trucks

Transgas® in Lowell, MA, Cryogenic Vessel Alternatives (CVA)®® in Mont Belvieu, TX,
and Chart Industries®’, a global company with its corporate headquarters in Garfield Heights,
OH design, manufacture, and/or maintain cryogenic tankers of various sizes and designs for
transporting LNG.

Transgas has MC-338 LNG tankers with capacities from 11,000-13,000 gallons. These
tankers are constructed with an outer vessel of carbon steel and an inner pressure vessel made
from aluminum or stainless steel, with several inches of insulation and a vacuum between the
outer jacked and inner pressure vessel; these double-walled tankers are more durable than
similar tanker truck designs used for the transportation of other liquid fuels such as diesel.
Transgas’ LNG tankers also feature pressure relief valves and safety shut off valves.

CVA'’s LNG transport trailers are built to carry large payloads; accommodate a variety of
pump and drive types; are optimized for maximum payload and durability in difficult terrain;
and include pneumatic and mechanical suspension systems to provide for operator comfort
and increased safety.

Chart Industries manufactures LNG semi-trailers on various sizes for LNG transport on U.S.
highways; 20- and 40-foot LNG ISO intermodal containers for LNG transport by ship, rail,
or road; and SR-602 and SR-603°8 tank cars for bulk transport of LNG via rail.

'L

#

I-J"—_

Figure 4. Chart Industries LNG Highway Semi-Trailer, 20-Foot Intermodal LNG ISO Container, and R-602 Bulk LNG
Tank Car for Rail Transport

Source: http://Ingplants.com/CHART VEHICLE FUELING.html#

55 http://www.transgaslng.com/services/Ing-transportation/ Last update date not listed on website. Accessed October 7, 2015.

56 http://cvatanks.com/products/Ing-equipment/Ing-transport-trailer/ Updated 2011. Accessed October 7, 2015.

57 http://www.chartindustries.com/About-Chart Updated 2015. Accessed October 8, 2015.

58 According to http://Ingplants.com/CHART VEHICLE FUELING.htmI#LNG BULK TRANSPORT (Updated 2015, Accessed
October 8, 2015), Model SR-602 is volume optimized for LNG transport on railroad clearance Plate “C” and FRA’s 34,500
gallon limit for flammable products. Model SR-603 LNG tank car is optimized for carrying maximum payloads of LNG. Both
models meet DOT/FRA DOT-113C120W tank car design codes.
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Companies are beginning to consider transporting natural gas as remote drilling frontiers
emerge beyond the reach of pipelines. LNG already powers heavy-duty trucks and boats in
the U.S. and Canada via a network of fueling stations. Natural gas by rail is years away and
likely to face strong public resistance after a series of explosive crude-by-rail accidents. But
the potentially multibillion-dollar development could connect gas-rich regions like North
Dakota with urban centers, presenting an opportunity for railroads, drillers, and tank car
makers already cashing in from hauling oil on trains. It could also be a cure for
environmentally unfriendly flaring, a growing problem in far-flung areas where more than $1
billion of natural gas produced alongside oil is burned off each year for lack of processing
plants or pipelines that can take years to build. Small-scale refrigeration plants that can turn
gas to LNG are being built in drilling regions to reduce gas flaring. Transporting gas by rail,
most likely as cryogenic LNG, faces obstacles, as the technology is in its infancy, tank cars
are currently not permitted to carry the fuel on U.S. rails®®, and only a limited number of
plants that convert natural gas to LNG exist in the U.S. Many of the major Class 1 railroads
that have embraced crude by rail have declined to speak about specific plans for gas by rail,
but as railroads team up with companies like General Electric Co., and Caterpillar Inc., to
develop technology to run locomotives on LNG, many say that hauling the fuel as cargo is
the next step as a drilling revolution transforms North American energy markets. Energy
producers have approached Jacksonville, Florida-based CSX Corp. about moving LNG by
rail; Westport Innovations has been approached about developing fuel systems for tank cars
that would haul LNG as cargo; and BNSF is testing LNG-powered locomotives and million-
dollar tgglk cars that would hold the fuel as a first step to wean trains from using costly diesel
as fuel.

The U.S. Energy Information Administration (EIA) projects that LNG will play an increasing
role in powering freight locomotives in coming years. Continued growth in domestic natural
gas production and substantially lower natural gas prices compared to crude oil prices could
result in significant cost savings for locomotives that use LNG as a fuel source, according to
EIA's Annual Energy Outlook 2014. Some railroads are considering the use of LNG in
locomotives because of the potential for significant fuel cost savings and the resulting
reductions in fuel operating costs. Given the expected price difference between LNG and
diesel fuel, future fuel savings are expected to more than offset the approximately $1 million
incremental cost associated with an LNG locomotive and its tender. However, in addition to
the risk surrounding future fuel prices, other factors including operational, financial,
regulatory, and mechanical challenges also affect fuel choices by railroads. 5!

7. Safety of LNG Transport Trailers and Tank Trucks

DOT requirements for transporting LNG by highway are found in 49 CFR 172.101, Table of
Hazardous Materials and Special Provisions; Part 173.318, Cryogenic Liquids in Cargo

59 per 49 CFR 174.63(a), bulk packaging of LNG in container-on-flatcar or trailer-on-flatcar via rail requires approval from the
Federal Railroad Administration’s Associate Administrator of Rail Safety.

60 http://www.reuters.com/article/2014/06/16/us-usa-railway-natgas-insight-idUSKBNOEROD620140616 Updated June 16,
2014. Accessed October 1, 2015.

61 NG Shows Potential as a Freight Locomotive Fuel,” http://www.eia.gov/todayinenergy/detail.cfm?id=15831 Updated April
14, 2014. Accessed September 23, 2015.
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Tanks; and Part 178.338, Insulated Cargo Tank (MC-338). The inner vessel is designed to
meet or exceed the requirements for an ASME Code, Section VIII, Division 1 pressure
vessel; the internal and external piping is in accordance with the requirements of
ASME/ANSI B31.3 Piping Code; and Federal Motor Vehicle Safety Standards FMVSS must
be adhered to for all trailer automotive functions—running gear, lights, brakes, etc.®

D. LNG ISO tank containers that are not used as storage vessels at LNG plants connected
to pipelines regulated by 49 CFR Part 192

Refer to information in Category C (LNG tanker and carrier ships, LNG tank trucks, and
other vehicles that consume LNG fuel or transport LNG). If these containers are located at
LNG plants connected to pipelines regulated by 49 CFR Part 192, equipment will be used to
load/unload LNG into/from these LNG ISO containers from/into the LNG plant storage
containers. Additional safety and security measures (safe distances, methods to
attach/disconnect loading equipment, personnel requirements for maintaining watch while
LNG transfers occur, warning alarms, etc.) may apply.

Some potential U.S. locations/companies that may use/manufacturer these types of 1SO tank
containers include:

e Applied Cryo Technologies, Houston, TX—Model ACT-LNG-12115-1SO (40’ LNG
ISO container) is optimized specifically for transporting LNG worldwide by rail, sea,
or road and is also ideal for onsite LNG storage. This vacuum super-insulated ISO
container is designed for performance, ease of operation and safety. This LNG
intermodal container comes standard with penetrations for an Economizer Circuit and
Liquid Withdraw Circuit, making it ideal for LNG vaporization applications.5

e Lockheed Martin, LA—Lockheed Martin plans to adapt production equipment used
to manufacture the external tank for the Space Shuttle for a wide range of LNG
supply chain applications as part of its long-range LNG business plan. In addition to
applying its external tank manufacturing expertise, the Lockheed Martin LNG tank
manufacturing team will draw on its capabilities for spanning propellant handling;
assembly, test, and integration; composites manufacturing; and production facility
and tooling design. Tanks of varying sizes and capacities for multiple transportation
applications by land, rail, or waterway will be manufactured to ASME standards for
pressurized storage and transportation of cryogenic materials using the quality and
safety standards implemented for the shuttle tank program.®*

e WesMor Cryogenics, LLC, LaPorte, TX—WesMor Cryogenics manufactures T-75
portable tanks. The marine industry may begin using such portable tanks for both
transporting LNG and using the contained LNG to fuel the ships during transport. The
LNG stays cold in these double-walled containers for up to 60 days without boiloff.5

62 http://Ingplants.com/CHART VEHICLE FUELING.htmI#LNG Semi-Trailer Highway Delivery System Updated 2015. Accessed

October 8, 2015.
63 http://www.appliedcryotech.com/products/40-Ing-iso-containers/ Updated January 5, 2013. Accessed October 5, 2015.

64 http://www.Ingworldnews.com/lockheed-martin-to-manufacture-Ing-tanks-in-louisiana-usa/ “Lockheed Martin to

Manufacture LNG Tanks in Louisiana,” Updated March 13, 2013. Accessed October 5, 2015.
65 http://www.Ingworldnews.com/zeus-intermodal-Ing-tanks-important-for-marine-industry-usa/, Updated May 16, 2013.

Accessed October 5, 2015.
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E. Natural gas processing plants that do not store the LNG at the plant®®

Natural gas processing plants extract natural gas liquids (NGL)/liquefied petroleum gas
(LPG) from natural gas. Such processes can be integrated into natural gas liquefaction plants
to extract these liquids prior to LNG production, and can produce a high quality liquid co-
product for sale or export to generate additional project revenues.

Ortloff Engineers, Ltd., in Midland, TX has extended its natural gas liquids recovery process
to include LNG processing. The efficiency of its overall liquefaction cycle has improved,
allowing more natural gas to be liquefied for a given amount of refrigeration power. Ortloff’s
NGL/LPG extraction technology can also be used in LNG receiving terminals, to extract the
ethane and/or propane and heavier liquids from the LNG as it is being vaporized. Because of
the refrigeration inherent in the cold LNG, it is possible to produce a high quality NGL
and/or LPG product stream for sale without using any additional refrigeration or external
compression power. Using the “free” refrigeration in the LNG to extract the liquids also
reduces the amount of external heat needed to vaporize the LNG, reducing the operating cost
of the LNG terminal in addition to generating additional project revenue with the NGL/LPG
co-product.

For natural gas plants and pipelines located near metropolitan areas where there is a market
for vehicular LNG fuel, Ortloff has developed processes for producing high-purity liquid
methane to serve this market. Gas plants can be adapted to produce a slipstream of LNG that
is almost pure methane using about half the energy a stand-alone plant requires, and without
any of the front-end treating and dehydration that small LNG plants require. When there are
no gas plants in the area, high-purity liquid methane can instead be produced from the natural
gas in high-pressure transmission pipelines at reasonable cost and without the need for CO>
removal.

Ortloff’s LNG production technology, called the Advanced Natural Gas Liquids Extraction
(ANGLE), produces LNG with NGL or LPG recovery. By combining hydrocarbon recovery
with the liquefaction process, operators remove valuable liquids from the natural gas stream
before liquefaction in the most efficient manner, one which integrates refrigeration available
in the liquefaction process with refrigeration in the liquids removal step. By integrating
Ortloff’s liquids removal technology into the liquefaction unit, recompression of the gas
stream is not required before the liquefaction step. Additionally, the valuable heavier liquids
removed from the natural gas stream as an NGL or LPG product stream can be sold to
generate significant revenue. The inclusion of Ortloff’s ANGLE liquids removal technology
into the process design results in highly efficient recovery of valuable NGL or LPG liquids
from the natural gas stream feeding the LNG plant. In addition to the higher value of the
liquid NGL/LPG product stream, the overall efficiency of the liquefaction process is
improved by 10-20%, resulting in a design that can liquefy additional gas without increasing
the power used in the LNG process.

66 http://www.ortloff.com/Ing-processing/ Updated 2009. Accessed October 9, 2015.
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F. Distributed production facilities that use LNG in gas treatment or hydrocarbon
extraction processes but do not store LNG

No information was found on this specific new and emerging facility/operation category.

G. LNG facilities that store and vaporize LNG produced on-site (such as agriculture and
industry on-site storage and regasification facilities) or LNG supplied by another
transportation mode, as long as the LNG is consumed solely by the LNG facility owner

No information was found on this specific new and emerging facility/operation category.

INOXCVA of Baytown, TX
manufactures portable LNG
vaporizers.®” Such portable vaporizers
may be used at these types of LNG
facilities.

Figure 5. INOXCVA (Baytown, TX)
Mobile LNG Vaporizer
Source:
http://cvatanks.com/products/Ing-

equipment/Ing-vaporizers/

H. LNG refueling stations for vehicles that use LNG for fuel

LNG refueling stations can be situated on land or water, and can be fixed or mobile.

1. Land-Based LNG Refueling Stations

Cryostar, an international company with U.S.
locations on the West and East Coasts and in
Texas, has developed LNG refueling stations for
cars, forklift trucks, buses, trucks, and special
vehicles (ferry boats, trains, etc.). LNG is
delivered by trailer from a terminal or small-scale
LNG production plant, and its composition does
not change from the production source
downstream to the vehicles. It has a fixed
liquefied compressed natural gas (LCNG) station
in Los Angeles, CA with six LNG dispensers for
super-saturated [-166°F (-110°C)], saturated [- -
202°F (-128°C)], and cold [-243°F (-150°C)] Figure 6. Cryostar's I:os Ang.eles LNG and LCNG
vehicle refueling. The average fueling time for a Fueling Station

. ) : Source: http://www.cryostar.com/web/lcng-
68
118 gallon (450 liter) tank is three minutes. Ing-filling-stations.php

67 http://cvatanks.com/products/Ing-equipment/Ing-vaporizers/ Updated 2011. Accessed October 13, 2015.
68 http://www.cryostar.com/web/lcng-Ing-filling-stations.phpp Updated 2009. Accessed October 1, 2015.

Page 21 of 28



http://cvatanks.com/products/lng-equipment/lng-vaporizers/

http://www.cryostar.com/web/lcng-lng-filling-stations.phpp

http://cvatanks.com/products/lng-equipment/lng-vaporizers/

http://cvatanks.com/products/lng-equipment/lng-vaporizers/

http://cvatanks.com/wp-content/uploads/2012/06/lng_v_x_large_1.jpg

http://cvatanks.com/wp-content/uploads/2012/06/lng_v_x_large_1.jpg

http://www.cryostar.com/web/lcng-lng-filling-stations.php

http://www.cryostar.com/web/lcng-lng-filling-stations.php



This LCNG station combines LNG and CNG in one station. A typical LCNG station is
supplied with LNG and has dispensers for both LNG and CNG vehicles. Like an LNG
refueling station, an LCNG station relies on a local LNG supply that can be delivered by
tanker truck, similar to diesel and gasoline. The advantage of an LCNG station is that it can
offer both LNG and CNG. This type of station can also be set up in areas where there is no
local natural gas distribution. At an LCNG station, LNG vehicles are fueled in the same way
as at an LNG station with a cryogenic pump moving the LNG from an insulated storage
vessel through a dispenser into the vehicle. To produce CNG, the LNG is pumped into a
vaporizer that converts it from liquid to gas in a controlled way so that it can be dispensed at
the right pressure as CNG.

In 2012, Cryostar partnered with Siemens to automate its LNG/LCNG filling stations. Once
programmed by Cryostar, Siemens’ automation system handles all of the complex tasks
required to operate and monitor the fueling station while presenting a simple operator
interface to users. This simple interface allows the LNG/LCNG fueling stations to be
successfully operated and maintained by personnel not accustomed to process control. The
customer simply inserts payment and fills the vehicle with fuel, as with any other filling
station.”®

Cryostar and INOXCVA in Baytown, TX"* also manufacturer moveable LNG refueling
stations. INOXCVA'’s mobile LNG refueler has safety features and automated systems that
allow for speed and ease of use with minimal demand on the operator, and its design includes
an efficient, cooled submerged pump; an engine generator that runs on natural gas vapor
from the LNG tank; a 6,000 gallon vacuum-insulated LNG tank; front and rear methane
detectors; a flame detector at the rear; explosion-proof night lighting; an optional external on-
load pump; a programmable logic controller that automates fueling procedures; and an
information screen with operator-friendly instructions, helpful messages, and pump
information.

Figure 7. INOXCVA's LNG Mobile Fueling Station
Source: http://cvatanks.com/products/Ing-equipment/Ing-mobile-fueling-station/

69 http://www.gowithnaturalgas.ca/operating-with-natural-gas/stations/fuel-station-options/lcng-stations/ Updated 2014.
Accessed November 6, 2015.

70 http://www.industry.usa.siemens.com/verticals/us/en/oil-gas/content/Documents/AMCD-CRYOS-
0812 Cryostar CaseStudy Midstream.pdf Updated 2012. Accessed October 2015.

71 http://cvatanks.com/products/Ing-equipment/Ing-mobile-fueling-station/ Updated 2011. Accessed October 13, 2015.
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2. Safety and Risk Considerations for Land-Based LNG Fueling Stations

LNG stations are sensitive to heat entries, as the LNG can boil off rapidly.? In addition, as
LNG is an ultra-cold fuel, people need to wear protective gloves and a face shield when
fueling a vehicle, and basic training should be given to people on how to safely dispense
LNG into a vehicle.”

3. LNG Refueling from Trucks or Railcars for Marine Vessels™

When trucks or railcars are used as a means for transferring LNG to a marine vessel, the
location where the transfer occurs (i.e., any onshore area immediately adjacent to such
waters, used or capable of being used to transfer liquefied natural gas, in bulk, to or from a
vessel) becomes subject to the existing regulations at 33 CFR Part 127.7

USCG jurisdiction of waterfront facilities handling LNG applies primarily over the marine
transfer area for LNG as defined in 33 CFR 127.005. Generally, this area will be from the
vessel to the last manifold or valve immediately before the tank truck or railcar and would
normally include associated piping and transfer hoses. However, due to this unique situation
and potential for overlapping Federal jurisdictions between the USCG and the U.S. DOT,
special consideration should be given to the Hazardous Material Regulations outlined in 49
CFR Subchapter C. Owners and operators intending to use tank trucks or railcars as part of
their LNG transfer operation should provide the Captain of the Port (COTP) a detailed list of
requirements in 49 CFR Subchapter C that are applicable to their intended operation.

Typical tank trucks and railcars will carry around 13,000 gallons (49.2 m®) and 34,500
gallons (130.6 m®) of LNG, respectively. These quantities are far less than the 265,000 m?
cargo capacity vessels envisioned by the regulations. Accordingly, it would be appropriate
for the COTP to consider alternatives for some of the requirements outlined in 33 CFR Part
127 when considering these types of operations.

4. LNG Refueling from Vessel to Vessel”®

The operator of a vessel transferring LNG for use as fuel must provide transfer procedures
that meet the requirements of 33 CFR 155.720 through 155.760 and 33 CFR Part 156. In
accordance with 33 CFR 155.740, the transfer procedures must be available for inspection by
the COTP whenever the vessel is in operation; legibly printed in a language understood by

2 http://www.cryostar.com/web/lcng-Ing-filling-stations.phpp Updated 2009. Accessed October 1, 2015.

73 http://www.gowithnaturalgas.ca/operating-with-natural-gas/stations/fuel-station-options/lcng-stations/ Updated 2014.

Accessed November 6, 2015.
74 U.S. DHS, USCG, CG-OES Policy Letter No. 02-14, “Guidance Related to Vessels and Waterfront Facilities Conducting LNG

Marine Fuel Transfer (Bunkering) Operations—Draft for Public Comment, Enclosure 1.”
http://www.uscg.mil/TVNCOE/Documents/default/LNGBunkering.pdf Updated 2014. Accessed October 15, 2015.

75 Coast Guard Marine Safety Manual, Volume Il, Section B, Chapter 7: Marine Facilities and Structures, p. B7-6.
76 U.S. DHS, USCG, CG-OES Policy Letter No. 02-14, “Guidance Related to Vessels and Waterfront Facilities Conducting LNG

Marine Fuel Transfer (Bunkering) Operations—Draft for Public Comment, Enclosure 2.”
http://www.uscg.mil/TVNCOE/Documents/default/LNGBunkering.pdf Updated 2014. Accessed October 15, 2015.
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personnel involved in the transfer; and permanently posted or available where they can be
seen and used by personnel engaged in the transfer.

5. Safety and Risk Considerations for Vessel-to-Vessel LNG Transfers

Due to the variation and complexity of LNG fuel transfer systems that can exist aboard
vessels using LNG as fuel, operators of vessels supplying LNG should develop LNG transfer
procedures that are specific to each vessel they intend to service. Operators of both vessels
(supplier and end user) should work together to ensure that the transfer procedures are
aligned, equipment is in place, and actions of personnel involved in the transfer are clearly
understood.

No person should conduct a transfer operation involving LNG without providing advance
notice to the local COTP. The operator of a vessel intending to provide LNG as fuel to a
vessel in a vessel-to-vessel transfer operation should notify the COTP as to the time and
place of the transfer operation at least 4 hours before it begins.

Vessel compatibility assessments should be conducted to confirm the suitability of vessels
participating in LNG fuel transfer operations. Each transfer of LNG, cool-down, warm-up,
gas-free, or air-out must be supervised by a person designated as a person-in-charge by name
or position as outlined in 33 CFR 155.700.

I. LNG marine and land depots, where LNG is loaded onto transport vehicles such as
bunker barges, trucks, and ISO containers

LNG depots act as a type of LNG service station, where LNG is loaded onto transport
vehicles for distribution to other locations.

1. U.S.LNG Land Depot Example’”

Valley Green Natural Gas of Hanover, NH, in partnership with a local energy firm and Gulf
Oil Limited Partnership, hopes to begin building a 220,000 gallon natural gas depot and
supply system in the Route 120 corridor in 2016. The project would involve Gulf Oil
trucking LNG extracted from the Marcellus Shale formation in Pennsylvania to a 6- to 12-
acre land parcel in Lebanon, NH, where the LNG would be stored in 60,000-gallon tanks
before being converted to CNG. The CNG would then be delivered to customers in Lebanon
and Hanover for heating purposes via an underground pipe system. The project would also
include a fleet refueling station for Gulf Oil’s trucks and other vehicles powered by natural
gas. Some state representatives have expressed concerns with the project’s location,
including the proposed site’s proximity to wetlands, city-owned conservation land, and a
large-mammal wildlife corridor.

77 Valley News, West Lebanon, NH publication, “Developer Details Liquefied Natural Gas Deport Proposal,”
http://www.vnews.com/home/17077700-95/developer-details-Ing-depot-proposal Updated May 31, 2015. Accessed
November 6, 2015.
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2. U.S. LNG Marine Depot Example”®

The Tideflats at the Port of Tacoma, WA may become the site of a new natural gas facility if
the Puget Sound community proves receptive to its construction. A San Francisco consulting
firm, BSR, has called local civic leaders to test their attitudes about locating an LNG
production, storage, and distribution facility in the heart of Tacoma's industrial area. If that
plant materializes, it will be the second such LNG depot slated for construction on the
Tideflats. Another LNG plant and distribution facility is tentatively scheduled to be built near
the Totem Ocean Trailer Express (TOTE) terminal on the Blair Waterway. TOTE plans to
convert its two trailerships to burn LNG instead of diesel. The conversion would cut fuel
costs for TOTE, while greatly reducing air emissions. The ships transport trailers full of
goods between Tacoma and Anchorage. The LNG facility at TOTE could also serve other
LNG-powered ships, locomotives, and highway trucks.

J. Floating LNG liquefaction and gasification facilities not supplied by pipelines regulated
by 49 CFR Part 192, and such facilities supplied by pipelines regulated by 49 CFR Part
192 if the facility is located in navigable waters (as defined in Section 3(8) of the
Federal Power Act (16 U.S.C. 796(8))”°

Floating regasification is a flexible, cost-effective way to receive and process shipments of
LNG. Floating regasification is increasingly being used to meet natural gas demand in
smaller markets, or as a temporary solution until onshore regasification facilities are built.

Floating regasification involves the use of a specialized vessel called a floating storage and
regasification unit (FSRU), which is capable of transporting, storing, and regasifying LNG
onboard. Floating regasification also requires either an offshore terminal, which typically
includes a buoy and connecting undersea pipelines to transport regasified LNG to shore, or
an onshore dockside receiving terminal. An FSRU can be purpose-built or be converted from
a conventional LNG vessel.

Floating regasification offers a flexible, cost-effective solution for smaller or seasonal
markets, and can be developed in less time than an onshore facility of comparable size. It can
also serve as a temporary solution while permanent onshore facilities are constructed, and an
FSRU can be redeployed elsewhere once construction is completed.

The use of floating regasification has grown rapidly in recent years, particularly in emerging
markets facing short-term supply shortages. Floating regasification was first deployed in the
U.S. Gulf of Mexico in 2005; since its deployment, it has been used in nine other countries:
Argentina, Brazil, China, Indonesia, Israel, Italy, Kuwait, Lithuania, and the United Arab
Emirates. Floating regasification capacity totaled 7.8 Bcfd at the end of 2014, representing
8% of the global installed regasification capacity, according to data from the International
Gas Union.

78 Alaska Natural Gas Transportation Projects, “Interest in Building a Second LNG Depot at Port of Tacoma,”
http://www.arcticgas.gov/2014/interest-building-second-Ing-depot-port-tacoma Updated May 5, 2014. Accessed November
9, 2015.

79 EIA website, “Floating LNG Regasification is used to Meet Rising Natural Gas Demand in Smaller Markets,”
http://www.eia.gov/todayinenergy/detail.cfm?id=20972 Updated April 25, 2015. Accessed September 22, 2015.
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K. LNG at satellite plants that is consumed by power drill rig equipment, even if the LNG
source is a pipeline regulated by 49 CFR Part 192 (“ultimate consumer exemption”)

Hydraulic fracturing is a process that uses fluid and material to create or restore small
fractures in a formation to stimulate production from new and existing oil and gas wells.®
LNG is being used by the following companies in the U.S. to power drill rig equipment used
in this process:

e Energy developer Seneca Resources Corp. and drilling partner Ensign Drilling have
installed two of General Electric’s Jenbacher gas engines to power the first LNG-
fueled drilling rigs of their kind in the Marcellus Shale region of Pennsylvania.
Seneca converted the power plants of two existing diesel-powered rigs to use cleaner
burning LNG in GE’s 1-megawatt Jenbacher J320 turbocharged natural gas engines.
The Jenbacher units were combined with Ensign Drilling-designed rig packages to
provide all the electricity needed by each drilling rig. The J320 represents GE’s first
U.S. EPA certified technology for mobile and stationary drilling applications.

Ensign Drilling operates 15 drilling rigs exclusively on natural gas in the U.S., with
11 of them exclusively using GE’s Jenbacher gas engines. Powering a drill rig with
natural gas instead of diesel can result in 60% lower fuel costs. LNG also represents a
cleaner alternative to diesel for the transportation industry and trucks, reducing
overall combustion emissions up to 25%. Truck fleets also can often reduce fuel costs
by more than 25% with LNG.8!

e Inearly 2013, Apache Corporation in Houston, TX began powering an entire
hydraulic fracturing job with engines running on natural gas. The company used
drilling rigs manufactured by American Power Group (APG) of Algona, IA. APG
supplies drills rigs that use both diesel and natural gas as fuel. Using natural gas
allows drilling companies to generate lower emissions while reaping cost savings.
Apache estimated use of natural gas would cut fuel costs by about 40% on its
fracturing job.®?

L. LNG-based distributed power plants supplied by pipelines regulated by 49 CFR Part
192 serving only the pipeline operator, and LNG plants where LNG is supplied by
means other than a pipeline regulated by 49 CFR Part 192

No information was found on this specific new and emerging facility/operation category.

80 https://fracfocus.org/hydraulic-fracturing-how-it-works/hydraulic-fracturing-process Updated 2015. Accessed November 6,
2015.
81 LNG World News website, “GE’s Engines Power LNG Fueled Drilling Rigs, USA,” http://www.Ingworldnews.com/ges-engines-
power-Ing-fueled-drilling-rigs-usa/, Updated November 28, 2012. Accessed October 5, 2015.
82 FyelFix.com, “Natural Gas-Powered Rigs on the Rise in Qil Fields,” http://fuelfix.com/blog/2013/01/24/natural-gas-powered-
rigs-on-the-rise-in-oil-fields/ Updated January 24, 2013. Accessed October 5, 2015.
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VI. Recommendations for Phase 2

A. Obtain Characterization Information for New and Emerging LNG Facilities/Operations
Categories F, G, and L

The Volpe Center did not find any specific characterization information via Internet searches
on Categories F (distributed production facilities that use LNG in gas treatment of
hydrocarbon extraction processes but do not store LNG), G [LNG facilities that store and
vaporize LNG produced on-site (such as agriculture and industry on-site storage and
regasification facilities) or LNG supplied by another transportation mode, as long as the LNG
is consumed solely by the LNG facility owner], and L (LNG-based distributed power plants
supplied by pipelines regulated by 49 CFR Part 192 serving only the pipeline operator, and
LNG plants where LNG is supplied by means other than a pipeline regulated by 49 CFR Part
192).

Prior to or in conjunction with Phase 2, the VVolpe Center proposes participating in a
teleconference/meeting with PHMSA staff who authored the May 2014 draft report and/or
who have conducted outreach/communication efforts regarding the categories of new and
emerging LNG facilities/operations not regulated under 49 CFR Part 193. The goal of the
teleconference/meeting is to obtain additional information on these categories and to
potentially identify LNG industry points-of-contact (POCs) for these categories. The Volpe
Center will then contact the identified LNG new and emerging facilities/operations POCs to
obtain categorization, transport, and risk information regarding these categories. This
information will be added to the Phase 1 whitepaper.

B. Refinement of Risk Parameters and Site Investigations at Sample LNG Facilities

The general risk information provided in Section IV of this whitepaper applies to all
categories of LNG facilities/operations. In addition, specific risk information was found for
six of the twelve new and emerging LNG facilities/operations categories.

During Phase 2, the Volpe Center will work with PHH-23 to schedule an on-site meeting,
videoconference, or teleconference with representatives from PHMSA divisions who
participated in the Section VI.A teleconference/meeting. The purpose of this meeting is to:

e Share results of communications with LNG POCs identified in Section VI.A;

e Determine whether specific risk information may exist for the following new and
emerging facilities/operations categories, and how to gather such information (POCs,
research avenues, etc.):

- LNG transport trailers and tank trucks (part of Category C);

- LNG ISO tank containers that are not used as storage vessels at LNG plants
connected to pipelines regulated by 49 CFR Part 192 (Category D);

- Natural gas processing plants that do not store the LNG at the plant (Category
E);

- LNG marine and land depots, where LNG is loaded onto transport vehicles
such as bunker barges, trucks, and ISO containers (Category I);
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- Floating LNG liquefaction and gasification facilities not supplied by pipelines
regulated by 49 CFR Part 192, and such facilities supplied by pipelines
regulated by 49 CFR Part 192 if the facility is located in navigable waters
(Category J); and

- LNG at satellite plants that is consumed by power drill rig equipment, even if
the LNG source is a pipeline regulated by 49 CFR Part 192 (Category K).

e Refine risk parameters identified in the draft Phase 1 whitepaper; and

e Work with PHH-23 to schedule site visits to representative new and emerging LNG
facilities/operations for further investigation and characterization of their potential
transportation risk parameters.

During Phase 2, the VVolpe Center will also determine if the categories of new and emerging

LNG facilities/operations described in the Phase 1 whitepaper are covered under the existing
hazardous materials regulations, and will identify such regulations, as applicable. The Volpe
Center will also identify those categories of new and emerging LNG facilities/operations not
currently covered under the existing hazardous materials regulations.
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L-UL_WBS

				Loading and Unloading Safety Analysis Task

		No		Task Description				Notes		Responsible Team Member/s		Level of Effort (hours)		Milestones										Start Date 		End Date

														2/13/20		2/20/20		2/27/20		3/5/20		TBD

		1		Define Scope

				1.1		Evaluation of Project Plan Activities				All		TBD

				1.2		Evaluation of Existing Knowledge Base				All		TBD

				1.2.1		Identify and review literature/studies/models		See tab named "Literature_WCS"		All		TBD

				1.2.2		Create Summaries		Each team member will create summary of literature function of their own expertise		TBD		TBD

				1.2.3		Create Bibliography				TBD		TBD

				1.2.4		Identify SMEs to interview

				1.3		Define Scope for Short Term: March 7, 2020.                		This will include the literature review and SME interviews.		All		TBD

				1.4		Define Scope for Long Term		This will include a contracted safety analysis.  		All		TBD

		2		L-UL Short Term 								TBD

				2.1		Loading and unloading literature review

				2.1.1		Review relevant documents that were identified while defining the scope.		See tab named "Literature_L-UL"		All

				2.1.2		Create literature review notes highlighting relevant information from the documents reviewed.				TBD		TBD

				2.2		Loading and unloading SME interviews						TBD

				2.2.1		Identify and select SMEs to interview		See tab named "Interviews_L-UL"		All		TBD

				2.2.2		Prepare questions to ask during SME interviews				TBD		TBD

				2.2.3		Conduct SME interviews				TBD		TBD

				2.2.4 		Prepare summaries/notes of SME interviews				TBD		TBD

				2.3		Develop Briefer covering the findings from the literature review and SME interviews

		3		L-UL Long Term 

				3.1		Contract a safety analysis of LNG loading and unloading				TBD		TBD

				3.1.1		Identify requirements for SOW				TBD		TBD

				3.1.2		Identify potential contract vehicles				TBD		TBD

				3.1.3		Draft a SOW				TBD		TBD

				3.1.4		Contract a safety analysis of LNG loading and unloading				TBD		TBD









Literature_L-UL

				Existing Literature, Studies, Reports		Notes		Link

		1		LNG: A Non-Technical Guide		Do not have a copy

		2		AAR Field Guide to Tank Cars

		3		Liquefied Natural Gas (LNG) Safe Loading and Unloading Model in Port Operation

		4		Incorporating CREAM and MCS into fault tree analysis of LNG carrier spill accidents						Provides a fault tree (pgs 184, 188 - 189)

		5		LNG Fire Protection and Emergency Response						Discusses LNG/cryogenics checmical properties useful 

		6		Transportation Study: Impacts Associated with New and Emerging
Natural Gas Liquefaction Facilities						Provides Safety measures specifically for the LNG industry (Pgs 4, 16)

		7		Risk Evaluation Framework and Selected Metrics for Tank Cars Carrying Hazardous Materials						Provides a great starting for the whitepaper. Discuses Risk Reduction Measures (into and Pages 49-55)

		8		Industry Safety Data Program for the Oil and Gas Industry Phase I Report		58, 

		9		Warehousing and Distribution Center
Facilities in Southern California:
The Use of the Commodity Flow Survey
Data to Identify Logistics Sprawl and
Freight Generation Patterns

		10

























Interviews_L-UL

				SME Interviews

				Name		Date		Sector		Notes

				Mike Khayata, OPS		2/6/20		PHMSA		Planning to provide additional informaiton the week of 2/10/2020

				Don McLaughlin, EPA		TBD		EPA		Sent an email on 2/07/2020. Will follow up 2/11/2020

				Sean Andersen, Dixon Valves		TBD		Industry		Sent an email on 2/13/2020. Will follow up 2/18/2020

				Susan Strider, ENGIE Gas & LNG		TBD		Industry

				Julie Halladay, OPS		TBD		PHMSA

				Pat Durking, OHMS		TBD		PHMSA

				Arthur Buff, OPS		TBD		PHMSA

				Dan McQuade, USCG		TBD		USCG

				Michael Klem		TBD		PHMSA





Interview Qs

				Interview Questionnaire for LNG topic: Loading and Unloading of LNG on Railcars (Task#14)						Interview Questionnaire for LNG topic: Loading and Unloading of LNG on Railcars (Task#14)

				Question#1 		In your experience, how different is LNG than other cryogenic commodities?				Question#1 		In your experience, how different is LNG than other cryogenic commodities?



				Question#2		Does the transport of LNG on railcars more dangerous than other cryogenics which are currently transported via railcars?				Question#2		Does the transport of LNG on railcars more dangerous than other cryogenics which are currently transported via railcars?



				Question#3		Are the current training standards used for cryogenics sufficient and or can be applied to LNG transportation on railcars?				Question#3		Are the current training standards used for cryogenics sufficient and or can be applied to LNG transportation on railcars?



				Question#4		Do you feel the current training standards need to be revised to be more explicit for each of the specific cryogenic that is transported via railcars? 				Question#4		Do you feel the current training standards need to be revised to be more explicit for each of the specific cryogenic that is transported via railcars? 



				Question#5		Do you feel that inspectors need to look at any hardware/mechanical/technical/ equipment specifically since it is LNG?				Question#5		Do you feel that inspectors need to look at any hardware/mechanical/technical/ equipment specifically since it is LNG?



				Question#6		Do you feel that the regulations need to be a bit stringent if LNG is indeed much more hazardous than other cryogenics?				Question#6		Do you feel that the regulations need to be a bit stringent if LNG is indeed much more hazardous than other cryogenics?
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PHMSA's mission is to protect people and the
environment from the risks of hazardous materials
(hazmat) in transportation. This document is intended
to aid hazmat employers (hereinafter referred to as
“employer”(s)) and others responsible for cargo tank
motor vehicle (CTMV) loading/unloading by offering
recommended best practices to further enhance the
safety of these operations. A comprehensive summary
of the regulations applicable to CTMV loading/
unloading operations is provided in Appendix A.

Human error continues to be a major contributing
factor for incidents occurring during loading/
unloading operations including but not limited to:

+ Failing to attend/monitor loading/unloading
operations;





Leaving a valve in the wrong position either prior to,
during, or after loading/unloading operations;

Improperly connecting transfer equipment;
Overfilling cargo tanks or receiving tanks; and

Using defective/deteriorated devices and equipment.
The following incidents illustrate the need for loading/
unloading guidance:

* InJune 2013, a driver

miscommunicated
critical information to
facility personnel during
delivery of corrosive
material that was then
unloaded into the wrong
storage tank containing
incompatible materials.
Adding to the confusion,
this was the driver’s first
delivery to this location.
The comingling of
incompatible materials
emitted a vapor

affecting the breathing of the driver and facility
employee resulting in both being transported to
a hospital for treatment. Also, approximately 100
gallons of the mixture was released at the time of

unloading.

e

ANNOYDOVE





+ In November 2011, a carrier loading heating oil into

a cargo tank overfilled one of the compartments %
resulting in the release of approximately 30 gallons Q
of material. The cause was determined to be faulty @
) ; X
operation of the high-level sensor. 8
+ In July 2009, the transfer hose on a CTMV ruptured r4
following the =
transfer of
anhydrous
ammonia from a
cargo tank to a

storage tank. The
resulting release
of anhydrous
ammonia caused
one fatality,
minor respiratory
problems for
several individuals, and the sheltering in place of
nearby residents. An investigation determined the
probable cause of the accident was the use of a
transfer hose assembly not chemically compatible
with anhydrous ammonia.’

+ In October 2007, a delivery driver used an improperly
repaired transfer hose to unload LP gas from his
8,000-gallon cargo tank. The hose detached from its
connection to the vehicle’s cargo tank allowing gas to

! The Federal Motor Carrier Safety Administration has issued guidance regarding this
incident, and cargo hose safety at: https://www.fmcsa.dot.gov/safety/carrier-safety/
important-notice-regarding-anhydrous-ammonia-and-liquefied-petroleum-gas-hoses.

3






escape, resulting in an explosion that fatally injured
the driver. The accident investigation revealed
workers improperly repaired a damaged LP-gas
transfer hose by attaching a nozzle using fasteners
not designed to withstand pressurized gas.

PHMSA believes focused training and recommended
operating procedures can help decrease these types
of incidents. Even when human error was not the
main reason for an incident or accident occurring,
focused training and recommended operating
procedures could help avoid them in the future.
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A. TRAINING

Training should ensure hazmat employees (hereinafter
referred to as “employee”(s)) understand and are
qualified to perform duties safely and in compliance
with the Hazardous Materials Regulations (HMR).
PHMSA recommends that an evaluation of employees’
understanding of safe loading/unloading procedures
should be performed on an annual basis, at a
minimum. More frequent and routine practice and
evaluation of operating procedures should include
observation and feedback by a knowledgeable
supervisor on the employee’s performance of:

covered functions, i.e., those regulated under the
HMR; practice sessions; or drills. At a minimum,

the training program should include provisions to:

5





+ ldentify employees and covered duties, i.e.,
employees subject to training due to performance
of a covered function under the HVR;

+ Observe and evaluate covered employees’
performance of duties;

+ Provide feedback regarding performance of duties;

+ Establish a performance improvement plan for
employees failing to perform up to standard; and

+ Initiate enhanced training if employees are no longer
qualified to safely perform covered duties, or if
performance of duties contributed to an unintentional
release of hazmat.

Further, PHMSA recommends that employers include

in the required training record of employees specifics

on enhanced training needed, as well as noting when
employees safely and successfully perform loading,
unloading, or transloading operations. Employers should
only use employees who have demonstrated that they
can correctly and safely perform these functions.
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B. OPERATING PROCEDURES

RISK ASSESSMENT OF OPERATION

PHMSA recommends that persons who load, unload,

or provide transfer equipment to load/unload hazmat to/
from CTMVs should perform an analysis of operations;
otherwise, review past analyses to evaluate hazards with
loading/unloading operations,? which should include:

+ Clearly marking loading/unloading activities for
which facility personnel or the operator of a CTMV is
responsible.

+ Assessing current procedures used to ensure the
safety of loading/unloading operations and identifying
areas where procedures could be improved.

Analysis should be tailored to the complexity of the
process and the materials involved in the operation,
including—
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o The characteristics and hazards of materials to
be loaded/unloaded:;

0 Measures necessary to ensure safe handling of
the material, such as temperature or pressure
controls; and

o Conditions that could affect the safety of the
loading/unloading operation, including access

2 This would include any device in the loading/unloading system that is designed to
transfer product between the internal valve on the cargo tank and the first permanent
valve on the supply or receiving equipment (e.g., pumps, piping, hoses, connections,
efc.).
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control, lighting, ignition sources, and physical
obstructions.

+ Ensuring these operations analyses are kept with the
operating procedures.

IMPLEMENTING OPERATING PROCEDURES

We also recommend that persons having performed
an analysis should develop, maintain, and adhere
to the operating procedure for the specific loading/
unloading operation based on the results of the
analysis; or, update/revise current procedures
based on such results. At a minimum, operating
procedure(s) should include the following elements:

* Pre-loading/-unloading. Procedures to ensure the
reliability of the cargo tank and associated transfer
equipment, ensure the CTMV is secured against
movement, prepare the cargo tank and transfer
equipment for the loading/unloading operation, and
verify the receiving container into which the material
is to be transferred, including measures to—

o Identify the piping path, equipment lineups,
and operational sequencing and procedures
for connecting piping, hoses, or other transfer
connections®;

3 Adaptors are not, by definition, part of a delivery host assembly under the HVR,

but carriers may have a variety of adaptors at their disposal to connect to various
customer systems. Measures should be taken to ensure awareness of which adaptors
are suitable/appropriate for each distinct loading or unloading operation.

8
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o Verify that the material is being transferred into
the appropriate receiving container, and that the
container, and its contents, are compatible with

Ideas for ensuring proper connections

and use of transfer equipment include
color-coding components and/or receiving
containers or introducing specially designed
connections/couplings that only link

with other components intended for use

in the transfer of a specific material.

the lading and has sufficient capacity to hold the
quantity of material being transferred;

o Check components of the transfer system,
including equipment such as delivery hose
assemblies, piping, and connections, to
ensure they are of sound quality without
obvious defects (visually and audibly), and that
connections are secure.

o Verify that the transfer hose and fittings are
suitable for the material to be transferred by
examining equipment markings, tags, or labels.

Operators do not need to use instruments or take
extraordinary actions to verify material or receiving
containers, or check components not readily visible.
Pumps, piping, hoses, and connections supplied by
a facility or the motor carrier and used to load/unload
from a CTMV should be compatible and maintained
(if not already done so by requirement) similar to the
maintenance program established for operators of

CTMVs in liquefied compressed gas service (see
9
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§ 180.416 of the HMR). The driver of the CTMV can rely
on information provided by the facility operator to confirm
that transfer equipment meets requirements. Persons
should not load/unload a CTMV using components of a
transfer system that could result in unsafe conditions.

* Loading/unloading. Persons responsible for
the loading/unloading of a CTMV should consider
implementing procedures for monitoring the transfer
operation, including measures to—

o Initiate and control the lading flow;

o Monitor, where necessary, the temperature of
the material being transferred and the pressures
of the cargo tank into which the material is
being transferred;

o Ascertain, for materials that are heated prior
to being loaded/unloaded, the heat input to
be applied and the rate at which heat will be
applied, and monitor the pressure inside the
cargo tank being heated to ensure the heating
process does not result in over-pressurization or
an uncontrolled exothermic reaction;

o Monitor filling limits and ensure the quantity of
hazmat to be transferred is the appropriate size
for the cargo tank (containment vessel);

o Terminate lading flow; and

o Ensure the cargo tank is attended by a qualified

person at all times when being loaded/
10
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unloaded. The qualified person attending the
cargo tank should have an unobstructed view of
the cargo tank and delivery hose.

+ Emergency management. Persons responsible
for loading/unloading of a CTMV should consider
procedures for handling emergencies, including —

0]

0]

0]

0]

Instrumentation to monitor for leaks/releases;

Equipment to isolate leaks/releases and take
appropriate emergency shutdown measures;

Training for use of emergency response
equipment;

Emergency shutdown systems and assignment
of shutdown responsibility to qualified operators
ensuring the shutdown is executed safe/timely;

Emergency communication/spill reporting; and

Safe startup following emergency shutdown.

* Post-loading/-unloading. Persons responsible for
the loading/unloading of a CTMV should consider
procedures for securing transfer equipment, transport
vehicle or packaging, and containment vessel into

which material is transferred, including—

0]

0]

0]

Evacuating transfer system and depressurizing
the containment vessel;

Disconnecting transfer equipment safely; and
Securing fittings, valves, and closures.
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+ Design, maintenance, and testing of transfer
equipment. Transfer equipment, used to load/unload
cargo tanks, should be compatible with the lading.
Transfer equipment/systems, including pumps, piping,
hoses, and connections, should be maintained/tested
on a routine basis at time intervals considering how
|often they are used, the hazmat they are used to
transfer, and components’ useful life. We recommend
persons who conduct operations should develop/
implement periodic maintenance schedules to prevent
equipment deterioration and conduct periodic operational
tests to ensure that equipment functions properly.
Equipment and system repairs should be completed
promptly and prior to subsequent loading/unloading

operations.

* Facility oversight of carrier personnel. Facility
operators performing risk assessments should ensure
carriers who load/unload CTMVs at facilities—

0 Are supervised by personnel trained on the
facility's loading/unloading procedures;

0 Are provided with written instructions on how to
conduct transfer operations in accordance with
procedures; or

o Have sufficient information to conduct transfer
operations in accordance with procedures.

Recordkeeping. Carrier operating procedures should remain
in the transport vehicle. Facility operating procedures should

always be available to carriers at loading/unloading facilities.
12
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The HMR are more likely to impact carrier personnel
(e.g., drivers) than facility personnel, as drivers are
more likely to perform hazmat transportation functions.
Drivers are categorized as private or for-hire, the
latter representing the larger population, which is the
bigger challenge for implementing best practices. It is
difficult to balance the need to tailor loading/unloading
procedures to each facility’s unique operation with the
need for consistency for those for-hire carriers servicing
numerous facilities. Where a person has ownership
of the loading facility, transport vehicle, and unloading
facility, a risk assessment, development of operating
procedures, and training on those procedures is less
complex because it can be handled “in house.” In
reality, the loading, transportation, and unloading
of hazmat is likely to involve multiple persons;
therefore, we discuss further the recommended best
13
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practices presented above with a focus on carrier-
performed loading/unloading operations to clarify
where facility personnel should play a primary role.

A. TRAINING AND EVALUATION

Training and testing for-hire carrier personnel on each
facility’s loading/unloading requirements could present
an immense task depending on the number of facilities
serviced, variety of hazmat serviced, and size of the
company. PHMSA suggests that employers refine
training programs to include some form of annual
training, the scope of which could be limited to universal
functions. All employees performing these functions
may not need annual retraining, thus, training regimens
could be tailored to new employees or those having
been involved in incidents. This annual training would
be for a set period of time and could be adjusted

to the HMR baseline of three years for refresher
training. Other options include limiting annual training
to employees performing operations involving higher
risk hazmat (e.g., flammable gas) or those performing
operations at a facility with higher risks (e.g., locations
near populated or environmentally sensitive areas).

B. RISK ASSESSMENT

PHMSA's recommendation that risk assessments be

performed by persons who load/unload, or provide

transfer equipment to load/unload, hazmat to or from
14
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a CTMV does not apply to drivers of CTMVs; rather, it
applies to employees—carrier and facility operators—
involved in these operations. Additionally, carriers
performing risk assessments should focus on the
integrity of their equipment, and facilities should focus
on equipment they own or have oversight of as well as
the loading/unloading operations at these facilities.

C. EMERGENCY RESPONSE

Responsibility for this part of the loading/unloading
operations lies primarily with facility operators, as carriers
should not be engaged in the full scope of emergency
response. Carriers should, however, be involved

in emergency response dealing with preventing the
further spread of an incident resulting in the release of
hazmat, i.e., emergency shut-down procedures. This is
especially true for operations conducted at unmanned
facilities or at retail facilities (e.g., gas stations).

D. OPERATING PROCEDURES

Common causes of CTMV loading/unloading incidents
are discussed below with recommended best practices
regarding roles and means to prevent similar incidents.
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+ Transfer Equipment Connections. Persons
involved in loading/unloading operations have a
shared responsibility to verify that transfer equipment
is properly connected between CTMV equipment
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and facility equipment. Verify proper connection

is made at time of connections, as well as prior to
hazmat transfer, by using a connection sequencing
checklist. If multiple persons are involved, facility
representatives and carrier personnel should certify
(e.g., via signature) that connection integrity was
verified prior to transfer, and components of the
transfer equipment are appropriate for the hazmat
being transferred.

Failure to Attend. The HMR places the responsibility
of attendance of CTMV loading/unloading primarily
on the carrier during the operation; however, facilities
also should provide trained persons to attend the
operations. Facility personnel are most familiar with
the hazmat being handled, facility structure/layout,
and emergency response procedures, although

they need not attend in the same manner as carrier
personnel. Facility personnel could provide on-site
supervision via remote video with full coverage and
visual of the location. Adding a secondary layer

of attendance could prevent/minimize overfills of
CTMVs or receiving containers (e.g., storage tanks).
Note this level of on-site supervision is not expected
for residential customers arranging for delivery of
hazmat (e.g., propane) for personal use.

Compatible Materials and Packaging. The HMR
provide requirements to ensure compatibility of
hazmat with CTMVs or residue materials contained
therein. PHMSA recommends applying these
practices to hazmat that is unloaded into receiving

16
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containers/storage tanks. Facility personnel should
play a lead role with ensuring hazmat is being
transferred to/from the right facility container as part
of the pre-loading/-unloading procedures and, once
verified, should authorize the transfer. Additional
steps to ensure compatibility include certifying that a
CTMV has been in dedicated service for a compatible
hazmat, maintaining proof of tank wash prior to
loading, and using visual aids on receiving containers
at a facility to communicate the appropriate container
(e.g., the chemical name, a GHS* label, etc.).

+ Overfills. With regard to unloading (not to include
transloading) from a CTMV, both the carrier and
facility have responsibility in preventing overfills of a
receiving container; however, facility operators have
primary responsibility for ensuring that containers
have enough space to handle the volume of product
being unloaded. As part of standard procedures,
carriers should include steps to verify with facility
personnel that receiving containers provide adequate
space, or use facility-provided checklists that verify
required space is available.
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+ Unmanned Facility. Unmanned facilities are those
not likely to have personnel available to assist with
loading/unloading operations at the time a carrier
delivers hazmat (e.g., night deliveries). These
facilities are typically locked and access is given only
to drivers that have completed some form of training

4 Globally Harmonized System of Classification and Labelling of Chemicals.
17






requirements. PHMSA recommends additional
training in facility operations when there are few
personnel and many facilities to service. Rather than
a training program for each employee at each facility,
carrier personnel can be trained on unique aspects
or higher risks of a facility's operations. The extent
of the training could be expanded based on the
circumstance of the carrier personnel (e.g., personnel
are provided for exclusive service). Facilities could
post a checklist that carrier personnel (i.e., drivers)
can reference prior to, during, and following a loading
or unloading operation.
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APPENDIX A -

DOT Regulations as of
January 1, 2015°

The following definitions of HMR terms used
throughout Appendix A are provided for
ease of understanding by the reader.

Carrier means: A person who transports
passengers or property in commerce by rail
car, aircraft, motor vehicle, or vessel.

Hazmat employee means: A person who is:

5 Regulations are subject to revision. Always review the GPO e-cfr for the most
current regulations.
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(1) Employed on a full-time, part time, or temporary basis
by a hazmat employer and who in the course of such

full time, part time or temporary employment directly
affects hazardous materials transportation safety;

(2) Self-employed (including an owner-operator
of a motor vehicle, vessel, or aircraft) transporting
hazardous materials in commerce who in the
course of such self-employment directly affects
hazardous materials transportation safety;

(3) Arailroad signalman; or
(4) A railroad maintenance-of-way employee.

This term includes an individual, employed on
a full time, part time, or temporary basis by a
hazmat employer, or who is self-employed,
who during the course of employment:

¢ Loads, unloads, or handles hazardous materials
(emphasis added);

+ Designs, manufactures, fabricates, inspects,
marks, maintains, reconditions, repairs, or tests a
package, container or packaging component that is
represented, marked, certified, or sold as qualified for
use in transporting hazardous material in commerce;

+ Prepares hazardous materials for transportation;
+ Is responsible for safety of transporting hazardous

materials; or
20





+ Operates a vehicle used to transport hazardous
materials.

Hazmat employer means:

(1) A person who employs or uses at least one hazmat
employee on a full-time, part time, or temporary basis;

(2) A person who is self-employed (including an
owner-operator of a motor vehicle, vessel, or
aircraft) transporting materials in commerce; or

(3) A department, agency, or instrumentality of the United
States Government, or an authority of a State, political
subdivision of a State, or an Indian tribe; and who:

+ Transports hazardous materials in commerce;

+ Causes hazardous materials to be transported in
commerce; or

+ Designs, manufactures, fabricates, inspects,
marks, maintains, reconditions, repairs or tests a
package, container, or packaging component that
is represented, marked, certified, or sold by that
person as qualified for use in transporting hazardous

materials in commerce.

Maximum allowable working pressure or MAWP
means: The maximum pressure allowed at the top
of the tank in its normal operating position. The
MAWP must be calculated as required in ASME
Code (Section VIII). In use, the MAWP must be
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greater than or equal to the maximum lading pressure
conditions prescribed in § 173.33 of the HMR.

Outage (ullage) means: The amount by which
a packaging falls short of being liquid full,
usually expressed in percent by volume.

Person means: An individual, corporation, company,
association, firm, partnership, society, joint stock
company; or a government, Indian Tribe, or authority of
a government or Tribe, that offers a hazardous material
for transportation in commerce, transports a hazardous
material to support a commercial enterprise, or designs,
manufactures, fabricates, inspects, marks, maintains,
reconditions, repairs, or tests a package, container,

or packaging component that is represented, marked,
certified, or sold as qualified for use in transporting
hazardous material in commerce. This term does

not include the United States Postal Service or, for
purposes of 49 U.S.C. 5123 and 5124, a Department,
agency, or instrumentality of the government.

The HMR require a training program that ensures a

hazmat employee: (1) has familiarity with the general

requirements of the HMR; (2) is able to recognize

and identify hazmat; (3) has knowledge of specific

requirements of the HMR applicable to functions

performed by the employee; and (4) has knowledge
22





of emergency response information, self-protection
measures and accident prevention methods and
procedures. Also, there are additional training
requirements specific to motor vehicle transportation
of hazmat. Employees must be trained prior to
performing a hazmat function and must be retrained
every three (3) years. Regulated persons may exceed
these minimum training standards. This section
describes the current training standards required
under the HMR and recommended best practices
PHMSA encourages regulated persons to consideg
when developing training materials and programs.

It is the responsibility of the hazmat employer to

ensure that each hazmat employee is trained in
accordance with the requirements of the HMR. A
hazmat employee who performs any function subject
to the requirements of the HMR cannot perform that
function unless instructed in those function-specific
requirements of HMR. Training may be provided by the
hazmat employer or other public or private sources.

A new hazmat employee, or a hazmat employee
who changes job functions, must be trained prior

6 PHMSA supports training and development through the Outreach and Training
Division. Information is available at: hitp://www.phmsa.dot.gov/hazmat/outreach-
training. Appendix C also lists useful training documents.
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to performance of any regulated functions. A new
hazmat employee may perform a HMR regulated
function prior to the completion of training provided:

+ The employee performs those functions under
the direct supervision of a properly trained and
knowledgeable hazmat employee; and

+ The training is completed within 90 days after
employment or a change in job function.

Hazmat employee training must cover
the following elements:

+ General awareness and familiarization of the HMR;
+ Function-specific;

+ Safety; and

+ Security awareness (See § 172.704 for details.)

Carrier responsibility:

A carrier may not transport a hazmat by motor
vehicle unless all employees involved in that
transportation are trained as required by the HMR.

Driver training:

No carrier may transport, or cause to be transported, a
hazmat unless each hazmat employee who will operate
a motor vehicle has been trained in the applicable
requirements of the Federal Motor Carrier Safety
Regulations (49 CFR Parts 390-397) and the procedures
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necessary for the safe operation of that motor vehicle’.
Driver training must include the following subjects:

.

Pre-trip safety inspection;

Use of vehicle controls and equipment, including
operation of emergency equipment;

Operation of the vehicle including procedures for
maneuvering tunnels, bridges, and railroad crossings;

Requirements pertaining to attendance of vehicles,
parking, smoking, routing, and incident reporting; and

Loading/unloading of materials.

There are specialized training requirements associated
with cargo tanks. Each driver of a CTMV must

have the appropriate State-issued commercial

driver’s license (CDL) required by 49 CFR Part 383.
Specialized training must include the following:

7

Operation of emergency control features of the cargo
tank;

Special vehicle handling characteristics, including:
high center of gravity, fluid-load subject to surge,
effects of fluid-load surge on braking, characteristic
differences in stability among baffled, unbaffled, and
multi-compartmented tanks; and effects of partial
loads on vehicle stability;

Loading/unloading procedures;

FMCSA provides resources for drivers. Information is available at http://www.fmcsa
dot.gov/resources-for-drivers.
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+ The properties and hazards of the material
transported; and

+ Retest and inspection requirements for cargo tanks.

Compliance with the current requirements for a CDL
with a tank vehicle or hazmat endorsement may be
used to satisfy these driver training requirements.

The HMR provide for requirements associated with
loading/unloading operating procedures throughout

the regulations. This includes operating procedures
contained in: (1) the general requirements for packages
and packagings; (2) additional general requirements for
bulk packagings; (3) requirements for hazmat in cargo
tanks; (4) requirements for compressed gases in cargo
tanks; and (5) the general requirements for loading/
unloading. Below we provide a summary of regulations
applicable to loading/unloading operations, however,
this summary discussion is not all encompassing and
we remind readers to become familiar with the HVR to
educate themselves on all the requirements that would
apply to their specific loading/unloading operations.
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GENERAL SAFETY:

Smoking on or about a CTMV is forbidden while
loading or unloading any Class 3 flammable
liquid, Class 4 flammable solid, Class 5
oxidizer, or Division 2.1 flammable gas.

Extreme care must be taken to keep fire away and to
prevent persons in the vicinity from smoking, lighting
matches, or carrying any flame or lighted cigar,

pipe, or cigarette when loading or unloading of any
Class 3 flammable liquid, Class 4 flammable solid,
Class 5 oxidizer, or Division 2.1 flammable gas.

No hazmat may be loaded into or unloaded from a
CTMV unless the handbrake is securely set and all other
reasonable precautions are taken to prevent motion of
the vehicle during such loading or unloading operations.

PRE-LOADING/UNLOADING:

Each person offering a hazmat that requires the use
of a specification CTMV must confirm that the CTMV
conforms to the specification required for the hazmat
and that the MAWP of the cargo tank is greater
than or equal to the largest pressure as follows:

+ For compressed gases and some refrigerated liquids
that are not cryogenic liquids, the pressure required
in § 173.315.

+ For cryogenic liquids, the pressure required in
§173.318.
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+ For liquid hazmat loaded in DOT specification cargo
tanks equipped with a 1 psig normal vent, the sum
of the tank static head plus 1 psig. In addition,
for hazmat loaded in these cargo tanks, the vapor
pressure of the hazmat at 115°F must not be >1 psig,
except for gasoline transported in accordance with
Special Provision B33 in § 172.102(c)(3).

* For liquid hazmat not covered above, the sum of the
vapor pressure of the lading at 115°F, plus the tank
static head exerted by the hazmat, plus any pressure
exerted by the gas padding, including air in the
outage space or dome.

+ The maximum pressure in the tank during loading
or unloading.

Before unloading from a CTMV containing a liquefied
compressed gas, the qualified person performing the
function must check those components of the discharge
system, including delivery hose assemblies and piping,
that are readily observed during the normal course of
unloading to assure they are of sound quality, without
obvious defects detectable through visual observation
and audio awareness, and that connections are secure.
This check must be made after the pressure in the
discharge system has reached at least equilibrium with
the pressure in the cargo tank. Operators need not

use instruments or take extraordinary actions to check
components not readily visible. No operator may unload
liquefied compressed gases from a CTMV with a delivery

hose assembly found to have any condition identified
28





in § 180.416(g)(1) or with piping systems found to have
any condition identified in § 180.416(g)(2) of the HMR.

LOADING:

This section provides a summary of loading
requirements categorized by subtopics
based on frequent types of incidents.

PACKAGING AND COMPATIBILITY

No person may fill and offer for transportation a
specification CTMV for which the required periodic retest
or inspection is past due until the retest or inspection has
been successfully completed. A cargo tank filled prior to
the retest or inspection due date may be transported.

Two or more materials may not be loaded in a CTMV
the mixing of which would cause an unsafe condition
such as an explosion, fire, an excess increase in
pressure or heat, or the release of toxic vapors.

A hazmat may not be loaded into a cargo tank if
during the course of transportation contact by any
part of the tank with the hazmat would resultin a
dangerous reaction (e.g., release of toxic vapors).

A hazmat may not be loaded into a cargo tank
that will adversely affect the tank’s integrity or:

+ May combine with residue or contaminants in the
tank to produce an explosion, fire, excess increase in
pressure (or heat), or release of toxic vapors.
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+ May severely corrode or react with the tank
material at any concentration or temperature during
transportation.

+ Is prohibited by the HMR.

OVERFILLING / OVER-PRESSURIZATION

Aliquid or liquefied gas hazmat must be loaded
so that the outage is at least five percent and

at least one percent of the cargo tank capacity
(or any compartment) for material poisonous by
inhalation and for all other materials, respectively.
The reference temperatures are 115°F for non-
insulated tanks and 105°F for insulated tanks.

Air pressure in excess of ambient atmospheric pressure
may not be used to load a hazmat which may create

an air-enriched mixture within the flammability range

of the material in the vapor space of the tank.

The loading rate used must be less than or equal to the
rate indicated on the cargo tank specification plate. If
no loading rate is marked on the specification plate?,
the loading rate and pressure used must be limited
such that the pressure in the tank may not exceed 130
percent of the maximum allowable working pressure.

Ahazmat that is classed as Division 6.1, Packing Group |
or Il (poisonous liquid) must be loaded in a CTMV having
a maximum allowable working pressure of 225 psig.

8 Exceptions for cryogenic liquids are provided in § 173.318(b)(6).
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ATTENDANCE

A cargo tank must be attended by a qualified®
person at all times when it is being loaded. The
person who is responsible for loading the cargo
tank also is responsible for ensuring that it is
attended. A qualified person “attends” the loading of
a cargo tank if, throughout the process, the person
is alert and is within 25 feet of the cargo tank.

HAZMAT SPECIFIC REQUIREMENTS
Engine stop (Division 2.1 material)

Unless the engine is used for the operation of the
transfer pump of the vehicle, no material may be
loaded into any CTMV with the engine running.
Unless the delivery hose is equipped with a shut-off
valve at its discharge end, the engine of the motor
vehicle must be stopped at the finish of such loading
operation while the connections are disconnected.

Engine stop (Class 3 material)

Unless the engine of a CTMV is to be used for the
operation of a pump, no material may be loaded while
the engine is running. The diesel engine of a CTMV
may be left running during loading if the ambient
atmospheric temperature is at or below 10 °F (-12 °C).

9 Aperson is “qualified” if the person is aware of the nature of the hazmat that is to be
loaded or unloaded, has been instructed on emergency procedures, and is authorized
to move the cargo tank and has the means to do so.
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Bonding for Class 3 material — Open filling hole: When
a cargo tank is loaded through an open filling hole, one
end of a bond wire must be connected to the stationary
system piping or integrally connected steel framing, and
the other end to the shell of the cargo tank to provide

a continuous electrical connection. (If bonding is to

the framing, it is essential that piping and framing be
electrically interconnected.) This connection must be
made before any filling hole is opened, and must remain
in place until after the last filling hole has been closed.
Additional bond wires are not needed around all-metal
flexible or swivel joints, but are required for nonmetallic
flexible connections in the stationary system piping.

Vapor tight — not open filling hole. When a cargo
tank is loaded through a vapor-tight top or bottom
connection, so that there is no release of vapor

at a point where a spark could occur, bonding or
grounding is not required. Contact of the closed
connection must be made before flow starts and must

not be broken until after the flow is completed.

A CTMV in chlorine service may not be moved, coupled
or uncoupled, when any loading connections are
attached to the vehicle, nor may it be left without the
power unit attached unless the vehicle is chocked or
equivalent means are provided to prevent motion.

Full equilibration of a cargo tank transporting a Division
2.1 (flammable gas) material that is a cryogenic liquid
32





may only be done at a facility that loads or unloads a
Division 2.1 (flammable gas) material that is a cryogenic
liquid and must be performed and verified as follows:

+ The temperature and pressure of the liquid must be
reduced by a manually controlled release of vapor;
and

+ The pressure in the cargo tank must be measured
at least ten minutes after the manual release is
terminated.

UNLOADING:

This section provides a summary of unloading
requirements categorized by subtopics based on frequent
types of incidents.

OVERFILLING / OVER-PRESSURIZATION

Air pressure in excess of ambient atmospheric
pressure may not be used to unload a hazmat that may
create an air-enriched mixture within the flammability
range of the lading in the vapor space of the tank.

The unloading rate used must be less than or equal
to the rate indicated on the cargo tank specification
plate. If no unloading rate is marked on the
specification plate, the unloading rate and pressure
used must be limited such that the pressure in the
tank may not exceed 130 percent of the MAWP.
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ATTENDANCE

A motor carrier must ensure that the cargo tank is
attended by a qualified person'® at all times during
unloading™. Except for unloading operations covering
combustible liquids (see § 177.837(d)), and liquefied
petroleum gas and anhydrous ammonia in metered
and non-metered delivery service (see § 177.840(p)
and (q)), a qualified person “attends” the loading or
unloading of a cargo tank if, throughout the process, the
person is alert and is within 25 feet of the cargo tank.
The qualified person must have an unobstructed view
of the cargo tank and delivery hose to the maximum
extent practicable during the unloading operation.

HAZMAT SPECIFIC REQUIREMENTS
Engine stop (Division 2.1 material)

Unless the engine is used for the operation of the
transfer pump of the vehicle, no material may be
unloaded from any CTMV with the engine running.
Unless the delivery hose is equipped with a shut-off
valve at its discharge end, the engine of the motor

1

0 Aperson is “qualified” if the person is aware of the nature of the hazmat that is
to be loaded or unloaded, has been instructed on emergency procedures, and is
authorized to move the cargo tank and has the means to do so.

11

The carrier’s obligation to ensure attendance during unloading ceases when:
transportation is completed; the cargo tank is on the customer’s property; and the
motive power has been removed from the cargo tank and the property.

3





vehicle must be stopped at the finish of such unloading
operation while the connections are disconnected.

Engine stop (Class 3 material)

Unless the engine of a CTMV is to be used for the
operation of a pump, no material may be unloaded while
the engine is running. The diesel engine of a CTMV
may be left running during unloading if the ambient
atmospheric temperature is at or below 10 °F (112 °C).

Bonding for Class 3 material — Open filling hole:
When a cargo tank is unloaded by a suction-
piping system through an open filling hole of
the cargo tank, electrical continuity must be
maintained from cargo tank to receiving tank.

Vapor tight — not open filling hole. When a cargo tank
is unloaded through a vapor-tight (not open hole) top
or bottom connection, so that there is no release of
vapor at a point where a spark could occur, bonding
or grounding is not required. Contact of the closed
connection must be made before flow starts and must
not be broken until after the flow is completed. Bonding
or grounding is not required when a cargo tank is
unloaded through a non-vapor-tight connection into a
stationary tank provided the metallic filling connection
is maintained in contact with the filling hole.

A CTMV used for transportation of chlorine may

not be moved, coupled or uncoupled, when any
3





unloading connections are attached to the vehicle,
nor may it be left without the power unit attached
unless the vehicle is chocked or equivalent
means are provided to prevent motion.

Unloading of chlorine from a CTMV must be
performed in compliance with Section 3 of the
Chlorine Institute Pamphlet 57, “Emergency Shut-off
Systems for Bulk Transfer of Chlorine.” [Note the
OSHA requirements also apply for this operation.]

PERSONAL PROTECTION EQUIPMENT:

CTMVs in chlorine service must be equipped:

+ With an approved respirator by the National Institute
for Occupational Safety and Health (NIOSH), U.S.
Department of Health and Human Services, see
NIOSH Certified Equipment List at www.cdc.gov/
niosh/npptl/topics/respirators/CEL/; and

+ With an emergency kit for controlling leaks in fittings
on the dome cover plate. (The Chlorine Institute can
be used as a resource for obtaining such a kit.)

A carrier of carbon monoxide, cryogenic liquid
must provide each driver with a self-contained
breathing apparatus (SCBA) that is approved by
NIOSH, see NIOSH Certified Equipment List at
www.cdc.gov/niosh/npptl/topics/respirators/CEL/.
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APPENDIX B - Other
Federal Oversight

Several Federal agencies share responsibility for the
safety of loading, unloading or transloading operations
involving hazmat and associated with CTMVs—DOT
(PHMSA), the Occupational Safety and Health
Administration (OSHA), and the Environmental Protection
Agency (EPA). Below is a brief summary of OSHA and
EPA programs relating to loading/unloading operations.

OSHA's Process Safety Management (PSM) standard
(see 29 CFR 1910.119) contains requirements for
processes that use, store, manufacture, handle, or
transport threshold quantities of highly hazardous
chemicals (HHC)"on-site as well as processes
containing 10,000 pounds or more of flammable liquids or
gases with certain exemptions. Bulk™ loading/unloading
operations involving PSM-covered chemicals or other
processes with PSM-covered chemicals are subject to the
requirements of the PSM standard. The PSM standard
requires employers to compile process safety information
(PSI) to identify and understand the hazards of a process.
PSl is then used to perform a process hazard analysis to
identify, evaluate, and control the hazards of the process.
The results of the analysis are then used as the basis
for development and implementation of written operating
procedures providing instructions for safe operations of
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a process, such as loading/unloading operations to or
from bulk containers (see 29 CFR 1910.119(f)). After the
procedures are developed, each employee, including a
contract employee, who is involved in loading/unloading
operations must be trained in the required processes and
procedures, in accordance with 29 CFR 1910.119(g).
Detailed information about the OSHA PSM standard and
additional guidance is available at the following website:
www.osha.gov/SLTC/processsafetymanagement/.

OSHA's Hazardous Waste Operations and Emergency
Response standard (HAZWOPER) (29 CFR 1910.120)
contains requirements for the cleanup of hazardous
waste and the responding to releases of hazardous
substances without regard to the location of the hazard.
Where applicable, 29 CFR 1910.120(q) requires an
emergency response plan that would include elements
on emergency recognition and prevention, emergency
alerting and response procedures, and personal
protective equipment. In addition, those that respond
to a hazardous substance release must be trained in
accordance with 29 CFR 1910.120(q)(6). Detailed
information about the OSHA HAZWOPER standard and
additional guidance is available at the following website:
www.osha.gov/SLTC/hazardouswaste/index.html.

12 29 CFR 1910.119(b), defines a highly hazardous chemical as a substance
possessing toxic, reactive, flammable, or explosive properties and specified by
paragraph (a)(1) of § 1910.119.

3 The use of this term with respect to the PSM standard is not the same as defined
in the PHMSA HMR.
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EPA regulations establish a general duty for facility
owners or operators of facilities that produce, handle,
process, distribute, or store certain chemicals to identify
hazards associated with the accidental release of
extremely hazardous substances, design and maintain
a safe facility as needed to prevent such release, and
minimize the consequences of release. In addition,
stationary sources with more than a threshold quantity
of a regulated substance in a process are subject to
EPA's accident prevention regulations, including the
requirement to develop a Risk Management Plan
(RMP) and submit the RMP to the EPA (see 40 CFR
Part 68). EPA's RMP requirements contain accident
prevention measures that are virtually identical to those
within the OSHA PSM standard. Detailed information
about the EPA RMP standard and additional guidance is
available at the following website: www?2.epa.gov/rmp.
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APPENDIX C - Additional
Resources

The following documents provide additional educational
resources and recommended practices that can
enhance the safety of loading/unloading operations.

* “Liquefied Compressed Gases Compliance
Assistance Guide” — This brochure describes the
testing, recordkeeping, and unloading requirements
for operators of CTMVs when transporting liquefied
compressed gases.

* “Important Notice Regarding Anhydrous Ammonia
and Liquefied Petroleum Gas Hoses” — This notice
provides information on incidents occurring during the
transfer of these materials to or from a CTMV, and
provides recommended procedures to prevent future
incidents.

* “What You Should Know: A Guide to Developing
a Hazardous Materials Training Program” — This
guidance explains the training requirements in the
Hazardous Materials Regulations, identifies those
employees who must be trained, and provides a tool
to help employers determine what type of training and
training environment may be best for their employees.
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